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(54) NITRATION OR CAR BOXYLATION CATALYSTS 



(57) In the presence ot an imide compound (e.g., N- 
hydroxyphthalimide) shown by the following formula (1): 




— Y 



(D 



example, a compound represented by the formula N x O y 
(e.g., N 2 0 3 , N0 2 ). The substrate includes, for example, 
a compound having a methine carbon atom (e.g., ada- 
mantane), a compound having a methyl group or a 
methylene group at an adjacent moiety of an aromatic 
ring. According to such reaction, the substrate can be 
efficiently nitrated or carboxylated even in a mild or 
moderate condition. 



J n 



wherein R 1 and R 2 represent a hydrogen atom, a 
halogen atom, an alkyl group, an aryl group and a 
cycloalkyl group, and R 1 and R 2 may bond together to 
form a double bond, or an aromatic or non-aromatic 
ring, and Y is an O or OH, and n denotes 1 to 3; 
a substrate is allowed to contact with at least one reac- 
tant selected from (i) a nitrogen oxide and (ii) a mixture 
of carbon monoxide and oxygen to be introduced with at 
least one functional group selected from a nitro group 
and a carboxyl group. The nitrogen oxide includes, for 
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Description 

TECHNICAL FIELD 

[0001 1 The present invention relates to a catalyst useful for directly and efficiently nitrating and/or carboxylatjng a sub- 
strate by using at least one reactant selected from (i) a nitrogen oxide and (ii) a mixture of carbon monoxide and oxygen, 
and a compound obtained by using the catalyst and a process for producing the compound (a nifrat.OiVcarboxylat.on 
process, a process for producing a compound having a nitro group and/or carboxyl group, a novel adamantane deriva- 
tive, and a process for producing an adamantane derivative) using the catalyst. 

BACKGROUND ART 

[0002] Nitro compounds are commonly utilized as a raw material for medicine, agricultural chemicals, dyes, solvents 
and explosives a raw material for amino compounds, and the like. Moreover, carboxylic acids (carboxy compounds) are 
useful as a raw material of a variety of compounds such as esters. Among them, dicarboxylic acids are useful as a raw 

material of polyesters. . . 

[0003] Nitration of hydrocarbons is generally conducted by a nitric acid process which employs a mixed acid (a mix- 
ture of nitric acid and sulfuric acid). However, the nitric acid process requires a strong acid with high concentration in a 
large amount Besides, since the nitration reaction is exothermic, it is difficult to improve its reaction operability. Further- 
more, in the nitric acid process, large amounts of nitrogen oxides produce, which cause environmental pollution and 
thus have to be treated in a proper manner. 

[0004] As a nitration process, use of N 2 0 5 and ozone in the presence of an iron catalyst has been suggested for nitra- 
tion of aromatic compounds (e.g.. toluene) or alicyclic compounds (e.g., adamantane). Due to the use of N0 3 as a reac- 
tant this nitration process can proceed smoothly at a lower temperature. However, a catalyst should be incorporated in 
order to increase the reaction rate, and additional equipment such as an ozone-generating apparatus should be 
installed for the generation of ozone. ^ t ._ . „ 
[0005] Carboxyl compounds (e.g., phthalic acid) can be obtained by, for example, an oxidation of a substrate (e.g., 
naphthalene) In Such oxidation reaction, a carboxyl compound having carbon atoms fewer than a substrate can be 
usually obtained. Moreover, in order to obtain a carboxyl compound of a bridged cyclic hydrocarbon (e.g., 1 -caitooxyla- 
damantane) by an oxidation reaction, it is required that a group which can be converted to a carboxyl group by oxidation 
(eg., methylol group) is introduced to a methine carbon atom, and then the methine carbon atom is oxidized. It is con- 
siderably difficult. , . .. .. 

[0006] As a carboxylation process of a hydrocarbon compound, for example, a process for providing a carboxylic acid 
by using Grignard reaction is broadly known. In this process, many reaction steps are required since a substrate can 
not be directly carboxylated and include that a special compound such as an organic metal compound (e.g., a Grignard 
compound) is previously prepared from a substrate, carbon dioxide is allowed to act on the organic metal compound 
and the organic metal compound is hydrolyzed to be carboxylated. Further, it is difficult to prepare the organic metal 
compound, additionally the compound is not convenient to handle. 

[0007] Japanese Patent Application Laid-open No.38909/1 996 (JP-A-8-38909) discloses a process which comprises 
contacting a substrate with oxygen to oxidize in the presence of an imide compound such as N-hydroxyphthalimide to 
provide a corresponding oxide (e.g., a carboxylic acid). In this process, a process for producing adipic acid from 
cyclohexane is described. In this process, a carboxyl compound having the same number of carbon atoms as a sub- 
strate can be obtained usually. 

[0008] On the other hand, adamantane has a three-dimensionally symmetric structure and skeletons which insure 
mutual stabilization of each ring, and as a result, endowed with distinctive functions. Various highly functionalized copol- 
ymers can be obtained, for example, by introducing a functional group such as a carboxyl group or an amino group to 
adamantane and optionally deriving to other derivatives thereof. There have been proposed various production proc- 
esses for obtaining such copolymers from a functional group-introduced adamantane derivative. The processes 
include for example, a process of producing a polyester [e.g.. Japanese Patent Application Laid-open No. 21090/1975 
. (JP-A-50-21090)]. a process of producing a polycarbonate [e.g.. U.S. Patent No. 3.594,427], a process for producing a 
polyamide or a polyimide [e.g.. U.S. Patent No. 3.832,332], a process for producing a polyurethane [e.g., Japanese Pat- 
ent Publication No. 12891/1969 (JP-B-44-12891)]. a process for producing a polysulfone and a polysulfonate [e.g.. U.S. 
Patent No. 3.753.950], and a process for producing a vinyl polymer [e.g., Japanese Patent Publication No. 28419/1971 

(JP-B-46-28419)]. ^ .... 

> [0009] These polymers provided from an adamantane derivative have generally excellent functions or characteristics 
(high functionality). They have, for example, optical characteristics such as small light-inducing loss, high refractive 
index double refraction index, excellent characteristics such as moisture resistance, excellent heat resistance (heat 
resisting property) and thermal expansivity. Such excellent characteristics cannot be achieved with the use of conven- 
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tional polymers. Accordingly, applications of said polymer have been investigated for optical materials such as optical 
fibers, optical elements, optical lenses, hologram, optical discs, and contact lenses, transparent resin coating composi- 
tions for organic glasses, electric conductive polymers, photosensitive materials, fluorescent materials and so forth. 
[001 0] On the other hand, an amino derivative derived from an alcohol of an adamantane is useful for introducing var- 
5 ious pharmaceuticals and/or agricultural chemicals each having excellent pharmacological activity, and is used as a 
therapeutic agent for Parkinson's disease such as "SYMMETREL" (a trade name). A diamino body of adamantane is 
useful as an intermediate material for antibacterial drugs (agents) or antiviral drugs (agents). 

[001 1 ] The above mentioned diamino body (diamino form) of the adamantane is produced by aminating a dihalo body 
obtained by halogenating a diol body of an adamantane. However, in a process for the formation of a salt of the diamino 
10 body obtained by aminating the dihalo body of adamantane, a side reaction tends to occur, additionally it is difficult to 
separate and collect a free diamino body in a high yield. 

[0012] It is, therefore, an object of the present invention to provide a catalyst which can efficiently nitrate and/or car- 
boxylate a substrate, and a nitration and/or carboxylation process using the catalyst. 

[001 3] It is another object of the present invention to provide a catalyst which can nitrate or carboxylate a substrate 
is by using at least one reactant selected from (i) a nitrogen oxide and (ii) a mixture of carbon monoxide and oxygen even 
in a mild or moderate condition, and a nitration and/or carboxylation process of a substrate using the catalyst. 
[0014] A further object of the present invention is to provide a catalyst which can provide a compound having at least 
one functional group selected from nitro group and carboxyl group with high conversion and selectivity, and a process 
for producing the compound having a functional group by using the catalyst. 
20 [001 5] Another object of the present invention is to provide a process for nitration which can utilize effectively nitrogen 
oxides, which cause environmental pollution, for providing nitro compounds with high conversion and selectivity. 
[0016] Further object of the present invention is to provide a process for producing a carboxyl compound which has 
more carbon atoms than the number of carbon atoms of a substrate, efficiently with simple operation at fewer steps. 
[0017] Still further object of the present invention is to provide a novel adamantane derivative. 
25 [001 8] Still another object of the present invention is to provide a process which can produce a diamino body of ada- 
mantane in high yield. 



DISCLOSURE OF INVENTION 

30 [0019] The inventors of the present invention did intensive investigation to accomplish the above objects, and finally 
found that a reaction of at least one reactant selected from (i) a nitrogen oxide (e.g., N 2 0 3 , N 2 0) and (ii) a mixture of 
carbon monoxide and oxygen with a substrate in the presence of a catalyst comprising a specific imide compound, effi- 
ciently introduce at least one functional group selected from a nitro group and a carboxyl group to the substrate and that 
useful adamantane derivatives including a novel adamantane derivative can be produced by using the above method. 

35 [0020] Thus, a catalyst of the present invention is for introducing at least one functional group selected from a nitro 
group or a carboxyl group to a substrate by contacting the substrate with at least one reactant selected from (i) a nitro- 
gen oxide and (ii) a mixture of carbon monoxide and oxygen to and comprises an imide compound shown by the follow- 
ing formula (1): 




wherein R 1 and R 2 may be the same or different from each other, and represent a hydrogen atom, a halogen 
so atom, an alkyl group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxy- 
carbonyl group, and an acyl group, and R 1 and R 2 may bond together to form a double bond, or an aromatic or non- 
aromatic ring; Y represents an oxygen atom or a hydroxyl group; and n denotes an integer of 1 to 3. 
[0021 ] The catalyst may comprise the imide compound shown by the formula (1) and a co-catalyst. As the co-catalyst, 
there may be employed, for example, a compound containing at least one element selected from the group consisting 
55 of Group 2A elements of the Periodic Table of Elements, transition metal elements and Group 3B elements of the Peri- 
odic Table of Elements. 

[0022] According to the process of the present invention, in the presence of the imide compound shown by the formula 
(1), or the imide compound and the co-catalyst, a substrate is allowed to contact with at least one reactant selected from 
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(i) a nitrogen oxide and (ii) a mixture of carbon monoxide and oxygen to introduce at least one functional group selected 
from a nitro group and a carboxyl group to the substrate. The substrate includes, for example, (a) a compound having 
a methyl group or a methylene group at an adjacent site of an unsaturated bond, (b) a homo- or hetero cyclic compound 
having a methylene group, (c) a compound having a methine carbon atom, (d) a compound having a methyl group or a 
s methylene group at an adjacent site of an aromatic ring and (e) a compound having a methylene group at an adjacent 
site of a carbonyl group. As the nitrogen oxide, there may be employed, for example, a compound shown by the formula: 

N x O y 

10 wherein x denotes an integer of 1 or 2 and y denotes an integer of 1 to 6; 

such as N 2 0 3 , N0 2 . 

[0023] The present invention comprises a process for producing a compound having at least one functional group 
selected from a nitro group and a carboxyl group by using the above process, as well. 

[0024] A novel adamantane derivative of the present invention is a compound shown by the following formula (2) or 

15 (3): 



X 1 



20 




X 3 

25 

wherein X 1 represents a nitro group, an amino group or N-substituted amino group which may be protected by a 
protective group, a carboxyl group which may be protected by a protective group, or a hydroxymethyl group which may 
be protected by a protective group; and X 3 and X 4 may be the same or different from each other, and represents a 
hydrogen atom, an alkyl group, a nitro group, an amino group or N-substituted amino group which may be protected by 
30 a protective group, a carboxyl group which may be protected by a protective group, a hydroxymethyl group which may 
be protected by a protective group or an isocyanato group; 

(i) when X 1 is a nitro group, X 2 represents an amino group or N-amino group which may be protected by a protec- 
tive group, a hydroxymethyl group which may be protected by a protective group, or an isocyanato group; 
35 (ii) when X 1 is an amino group or N-substituted amino group which may be protected by a protective group, X 2 rep- 
resents an isocyanato group; 

(iii) when X 1 is a carboxyl group which may be protected by a protective group, X 2 represents a hydroxymethyl 
group which may be protected by a protective group, or an isocyanato group; and 

(iv) when X 1 is a hydroxymethyl group which may be protected by a protective group, X 2 represents an isocyanato 
40 group; 



X s 



45 




X 7 

50 



wherein X 5 represents a carbamoyl group which may have a substituent, a nitro group, a substituted hydoroxy- 
carbonylamino group, or a saturated aliphatic acylamino group or an aromatic acylamino group; X 7 and X 8 are the same 
55 or different from each other, and represent a hydrogen atom, an alkyl group, a nitro group, an amino or N-substituted 
amino group which may be protected by a protective group, a carboxyl group which may be protected by a protective 
group, a hydroxymethyl group which may be protected by a protective group, or an isocyanato group; 
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(i) when X 5 is a carbamoyl group which may have a substituent, X 6 represents a carboxyl group, a substituted 
hydroxycarbonyl group, an amino group or N-substituted amino group which may be protected by a protective 
group, or a nitro group; 

(ii) when X 5 is a nitro group, X 6 represents a substituted hydroxycarbonyl group; 

(iii) when X 5 is a substituted hydroxycarbonylamino group, X 6 represents a substituted hydroxycarbonyl group, a 
hydroxymethyl group which may be protected by a protective group, or an amino group which may be protected by 
a protective group; and 

(iv) X 5 is a saturated aliphatic acylamino group or an aromatic acylamino group, X 6 represents a carboxyl group, a 
hydroxymethyl group which may be protected by a protective group, or an amino group which may be substituted 
by an alkyl group; 

or a salt thereof. 

[0025] The present invention provides a process for producing a diaminoadamantane derivative shown by the follow- 
ing formula (2j): 



X 1 ' 




wherein X 1 i and X 2 i represent an amino group or N-substituted amino group which may be protected by a pro- 
tective group; and X 3 and X 4 have the same meanings as defined above; 
which comprises steps of 

contacting a compound shown by the following formula (2h): 




wherein X 2h represents a hydrogen atom or a nitro group; X 3 and X 4 are have the same meanings as 
defined above; with a nitrogen oxide in the presence of the imide compound shown by the formula (1), to produce 
a dinitroadamantane derivative shown by the following formula (2i): 




x 3 

wherein X 1i and X 2i each represents a nitro group; and X 3 and X 4 have the same meanings as defined 
above; and 

reducing said dinitroadamantane derivative shown by the formula (2i) to produce a corresponding diamino com- 
pound. 
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BEST MODE FOR CARRYING OUT THE INVENTION 



[Imide compound] 

s [00261 in the compound shown by the formula (1 ), the halogen atom, as the substituents R 1 ^ *J"f^"** 
bromine, chlorine and fluorine atoms. The alky! group includes, for example, a W^?*™*?^^ 
arouo havina about 1 to 10 carbon atoms such as methyl, ethyl, propyl, .sopropyl. butyl, .sobutyl. sec-butyl t-butyl, 

oXl and decyl group. An illustrative preferred a.ky. group includes alky, groups hav-ng about 1 to 
6 carbon atoms, in particular lower alkyl groups having about 1 to 4 carbon atoms. ExamD i es 0 f 

w roo271 As the arvl aroup there may be mentioned, for instance, a phenyl group and a naphthyl group. Examp es ot 
^J^Se^. cyclohexyl. and cycloocty. groups. The a.koxy group includes, for 
lltoS <^E3na about 1 to 10 carbon atoms such as methoxy. ethoxy. propoxy. isopropoxy. butoxy. .sobutoxy. t- 

Among them, a.koxy groups having about 1 to 6 carbon atoms, in par.cu.ar .ower 

aiknw nrouos havina about 1 to 4 carbon atoms are preferable. , 
,5 S 9 ExampSf the alkoxycarbonyl group include an alkoxycarbony. group having about 1 to 10 ^oms in 
hfalkoxy moiety such as methoxycarbonyl. ethoxycarbonyl, propoxycarbonyl. isopropoxycajtoonyl. butoxycarbonyl 
SbSarbonyl. t-butoxycarbonyl. pentyloxycarbonyl. and hexyloxycarbonyl group. Apref ^f'^^"^ 
iSludes those each having about 1 to 6 carbon atoms in the alkoxy moiety, in particular lower alkoxycarbonyl groups 
oarh havina about 1 to 4 carbon atoms in the alkoxy moiety. 
S0 SST^ 'Eludes, for instance, an acyl group having about 1 to 6 carbon atoms such as formyl. acetyl. 

propionyl, butyryl. isobutyryl. valeryl, isovaleryl, and pivaloyl group. Wmilla m R 1 anH r2 

100301 The substituents R 1 and R 2 may be either the same or different from each other. In the formula (1). R and R 
KStodtoS!^^ a double bond, or an aromatic or non-aromatic ring. A preferred aromafc or non-aromat.c 
may be Zta ££q about 5 to 12 members, in particular about 6 to 10 members. Such a ring may be a hetero- 
2 s ^^t^ensi heterocyclic ring, and it may practically be a hydrocarbon ring. As such, ; i nng t ere may be 
mentioned, for instance, non-aromatic alicydic rings (e.g.. cycloalkane r.ngs wh,ch may have a ertsHwrt. such as 
CTdo^xane ring and a cycloalkene rings which may have a substituent. such as a cyclohexene ring). non-aromat.c 
tSS^S^ rings (e.g.. bridgi hydrocarbon rings which may have ^^f^^^^SZ 
ring), aromatic rings which may have a substituent, such as a benzene ring, a naphthalene nng. The ring may pract.cally 

30 comprise an aromatic ring. 

[0031 ] A preferred imide compound includes compounds shown by the following formula: 



35 



40 



II 



k ii 

0 
(1a) 



— Y 




(1b) 




— Y 



(1c) 



-i n 



45 



50 




^Y 




(1e) 



^Y 




df) 



55 



wherein R 3 R 4 R 5 and R 6 independently represent a hydrogen atom, an alkyl group, a hydroxyl group, an alkoxy 
group, a carboxyl group, an alkoxycarbonyl group, an acyl group, a nitro group, a cyano group, an ammo group or a hal- 
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w 



15 



20 



ogen atom; and R 1 . R 2 , V and " « * "^^^^ ^ — to those exempted above. 
[0032] In the substrtuents R 3 , R . R and R , the alky! group nncua y w h grQups QS 

in particular alkyl groups each having about 1 to 6 carboy atoms. ™ e a Examp | e s of the alkoxycar- 

mentioned above, in particular lower alkoxy «W^^SS£ above in ipSa^ower altoxycarbony. groups 
bonyl group include the same alkoxycarbonyl groups asi «f^*'^°™' "I mav be men tioned the similar acyl 

to 3. preferably 1 or 2. The compound shown by the formula (1) can oe usea s.ng.y o 

the nitration reaction. . ... irw i nf the formula (1) there may be men- 

[0034] As examples of the acid anhydride correspond^ to the .rn.de compound * Hhe *J"£W£ J 

ioned a saturated or unsaturated aliphatic dicarboxyhc ac,d '^^^^'SS^ acid anhydride) 
saturated or unsaturated nonaromatic cyclic P^rboxyhc ^^'^^^^^^ acid anhydride), 
such as tetrahydrophthalic ^hydride hexahydrophth^ 

'JESSES 

tetracarboxylicaciddianhydr.de. hwH m ««iirrinimide N-hvdroxymaleimide. N-hydroxyhex- 

[0035] Examples of a preferred imide compound include N :^^^ n ^^^^ N . hydraxytet rabromoph- 

ahydrophtha.imide, ".N^ihydrox^ h^SSE^^ W*- 

thalimide. N-Mroxytetrachlorophthalim.de N^-hydro^ £ jmjde cQm . 

an aromatic polycarboxylic acid anhydride, such as N -^ r °^?mSon process (a process for the formation of an 
iamine NH 2 OH for ring-opening of an acid anhydride group, and closing the r.ng to form the im.de. 



[Co-catalyst] 
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55 



,0037, A <**. ma, eompnse •» ■** "-pounds o. ft. locm* and. -^Ve^ml. fte "uSe 
o, comprises mttl compound. so* as a oompound eompneing »~E^y °™£ u 2 * .founds oontain- 

odio Table of Elements (e.g.. scandium Sc. iWium Y. anc I al ft p Me ^ „, Elemems (eg., 
eamenum Sm. « aeanoid f-tLtS?^iK*» ™* *>* <* "- 

Zn. cadmium Cd) of the Periodic Table of Elemente. meta ls. for example. Group 

^ — manganese compound, ma, be piacuc* used as fte ec- 
^ — *. ma, Pea sim*e su^noa - M^t^t^^rJ^^ 
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compound (a comp.ex) comprising the metal element, or a po.yacid (a heteropolyacid or an isopolyacid) comprising the 

"mpo^ 

acids such as orthoboric acid or ^*^ typically speaWng. Examples of the metal- 

[0042] 7l,eh^rox l de.ndud^Mn(OH) 2 -^^^^SSX^^ MnaQa- MnQ 2 . Mn 2 0 7 . FeO. 
lie oxide include Sm 2 0 3 . T.0 2 . Zr0 2 , V^. v 2 0 5 . cru. or 2 u 3 , ™ou 3 , ■ a « 

Ba(Mn0 4 ) 2 , Mg(Mn0 4 ) 3 , Cd(Mn0 4 ) 2 ]. h balt ace tate, man- 

[0043] As the organic acid salts, there may be cobalt stea- 

aanese acetate cobalt propionate, manganese propionate, cobalt naphtnenate, manganic y 
^e a^ mtganese steaSe, and manganese thiocyanate and corr^onding I 

such as SmCI 3 , SmCI 2 , TiCi 2 , ^ru 2 , ^ruoi 2 , voi 3 , ^ 2 , & K nr iodides each correspond ng to these 

Kl . ri OMnx ptr , r„n and CuCIo or ha des such as fluorides, bromides or loaiaes edui oui i « 
NiCI 2 , PdCI 2 , PtCI 2 , CuCi ana uum 2 . or na.iu** CuBro), complex halides such as M 1 MnCI 3 , 

chlorides (e.g., MnF 2 , MnBr 2 , MnF 3 , FeF 2 , FeF 3 , FeBr 2 FeBr 3 , Fe! 2 , uwr. ^ 2jl m 

M i 2 MnCI 4 . M^MnCls. M 1 2 MnCI 6 , wherein M alkox y groups such as methoxy, 

phosphine and o yip P 1~ ^ ^ v^ti^ rs^i ■ 1^ ^ i« tho rnmnlexes or complex salts, the 

M complex WW*. • » •SSSaa^SSSST iS^JLu^- 

. 25SSKS aia^KTiSK^a^'--* — -* 

acetate TiO(OAc) 2 , vanadyl acetate VO(OAg)j]. ealQrtaH fmm arauo 5 elements or Group 6 elements of the 



of a substrate even in a mild or moderate condition 



8 



10 



EP 0 897 747 A1 

[00481 A catalyst comprising the imide compound shown by the formula (1 ) or the imide compound and the above co- 
catalyst may be whichever of a homogeneous system or a heterogeneous system. The catalyst may be a sohd catalyst 
comprising a catalytic component supported on a support or carrier, as well. As the support use can be Practically 
made of porous supports such as active carbon, zeolite, silica, silica-alumina, and bentonite. In the sohd catalyst, the 
supporting amount of the imide compound of the formula (1) as the catalyst component may be about 0.1 to 50 parte 
by weight preferably about 0.5 to 30 parts by weight and more preferably about 1 to 20 parts by weight relative to 100 
parts by weight of the support. The supporting amount more of the co-catalyst is about 0.1 to 30 parts by weight, pref- 
erably about 0.5 to 25 parts by weight, and more preferably about 1 to 20 parts by weight, relative to 1 00 parts by weight 
of the support. 

[Nitrogen oxide] 

[0049] The nitrogen oxide may be shown by the formula: 
15 N xOy 

wherein x denotes an integer of 1 or 2 and y denotes an integer of 1 to 6. 
[0050] In the compound shown by the above formula, when x is 1 , y is usually an integer of 1 to 3; and when x is 2, y 
is usually an integer of 1 to 6. 

so [0051 ] Such nitrogen oxide may be exemplified N 2 0, NO. N 2 0 3 . N0 2 , N 2 0 4 . N 2 0 5 , N0 3 and N 2 O e . These nitrogen 
oxides may be used independently or in combination. 

[0052] The preferred nitrogen oxide includes (i) a nitrogen oxide (particularly N 2 0 3 ) generated by the reaction of at 
least one nitrogen oxide selected from dinitrogen oxide (N z O) and nitrogen monoxide (NO) with oxygen, or a nitrogen 
oxide containing N 2 0 3 as a main component and (ii) a nitrogen dioxide (N0 2 ) or a nitrogen oxide containing N0 2 as a 

25 main component. _ _ . 

[0053] Nitrogen oxide N 2 O s may be easily obtained by a reaction of N 2 0 and/or NO with oxygen. To be more concrete 
the nitrogen oxide may be prepared by introducing nitrogen monoxide and oxygen to a reactor to produce a blue liquid 
N 2 0 3 . Therefore, the nitration reaction may be carried out by introducing N 2 0 and/or NO and oxygen to a reaction sys- 
tem without producing N 2 0 3 in advance. 

[0054] Incidentally, a pure oxygen may be used or may be distilled by an inert gas (e.g.. carbon dioxide, nitrogen, 

helium and argon). Air may be used as an oxygen source. 
[Mixture of carbon monoxide and oxygen] 

[0055] Carbon monoxide or oxygen employed in the present invention may be pure one. and may be diluted with a 
inert gas (e.g.. nitrogen, helium, argon, carbon dioxide). The oxygen source may be air. To the reaction system, a mix- 
ture previously mixed carbon monoxide with oxygen may be introduced, and carbon monoxide and oxygen may sepa- 
rately introduced. .... 
[0056] In the present invention, as a reactant, there may be employed, for example, (i) the nitrogen oxide, (ii) the mix- 
ture of carbon monoxide and oxygen, or a combination of (i) the nitrogen oxide and (ii) the mixture of carbon monoxide 
and oxygen In the case of using (i) the nitrogen oxide as a reactant, a substrate is nitrated to generate a n.tro com- 
pound In the case of using (ii) the mixture of the nitrogen monoxide and oxygen as the reactant. a substrate is carbox- 
ylated to generate a caiboxyl compound. In the case of using (i) the nitrogen monoxide and (ii) the mixture of carbon 
monoxide and oxygen in combination as the reactant. a nitro compound and a carboxyl compound can be co-produced. 
In this case, use of a compound having plural reactive sites as a substrate can provide a compound which has a nitro 
group and a carboxyl group in the same molecule in one step by selecting a reaction condition (e.g., the ratio of the 
reactant (i) to (ii). a reaction temperature). 

[Substrate] 

[0057] Species of substrates is not particularly restricted, and may be employed broad range of a saturated or unsatu- 
rated compound such as a hydrocarbon (e.g.. an aliphatic hydrocarbon, an alicyclic hydrocarbon, an aromatic hydro- 
carbon), a heterocyclic compound, an alcohol, an ether, a ketone, an aldehyde, a carboxylic acid or derivative thereof, 
and the like may be employed. 

[0058] Preferred substrate comprises, for example, (a) a compound having a methyl group or a methylene group at 
the adjacent site of an unsaturated bond, (b) a homo- or heterocyclic compound having a methylene group, (c) a com- 
pound having a methine carbon atom, (d) a compound having a methyl group or a methylene group at the adjacent site 
of an aromatic ring and (e) a compound having a methyl group or a methylene group at the adjacent site of a carbonyl 
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group. In the compound (b), the methylene group constitutes a 5- or 6-membered ring, and the compound (b) is usually 
a non-aromatic homo- or heterocyclic compound. 

(a) The compound having a methyl group or a methylene group at the adjacent site of an unsaturated bond com- 
prises an organic compound having a double bond and/or a triple bond. Examples of such compounds include pro- 
pylene, 1-butene, 2-butene, butadiene, 1-pentene, 2-pentene, isoprene, 2-methyl-2-butene, 1-hexene, 2-hexene, 
1 5-hexadiene, 2,3-dimethyl-2-butene, 3-hexene, 1-heptene, 2-heptene, 1 ,6-heptadiene, 1-octene, 2-octene, 3- 
octene, 1,7-octadiene, 2,6-octadiene, 1-nonene, 2-nonene. decene, decadiene, dodecadiene, dodecatnene, 
undecene, undecadiene and undecatriene. 

(b) Examples of the homocyclic compound (b1) having methylene group include a cycloalkane (e.g., a cycloalkane 
having about 3 to 30 carbon atoms such as cyclopropane, cyclobutane, cyclopentane, cyclohexane, cycloheptane, 
methylcyclohexane, cyclooctane, 1 ,2-dimethylcyclohexane, cyclononane, isopropylcyclohexane, methylcyclooc- 
tane, cyclodecane, cyclododecane, cyclotridecane, cyclotetradecane, cyclopentadecane, cyclohexadecane, 
cyclooctadecane, cyclononadecane), a cycloalkene (e.g., a cycloalkene having about 3 to 30 carbon atoms such 
as cyclopropene, cyclobutene, cyclopentene, cyclohexene, cycloheptene, 1-methyM-cyctohexene, cyclooctene, 
cyclononene, cyclodecene, cyclododecene, limonene, menthene. menthone), a cycloalkadiene (e.g., a cycloalka- 
diene having about 5 to 30 carbon atoms such as cyclopentadiene, cyclohexadiene, cycloheptadiene, cyclooctadi- 
ene, cyclodecadiene, cyclododecadiene), a cycloalkatriene (e.g., cyclooctatriene). cycloalkatetraene (e.g., 
cyclooctatetraene) and a condensed polycyclic hydrocarbon. 

(b) The heterocyclic compound (b2) having a methylene group comprises a 5- or 6-membered cyclic compound 
having at least one hetero atom selected from nitrogen atom, oxygen atom and sulfur atom, or a condensed hete- 
rocyclic compound which is condensed by the 5- or 6-membered cyclic compound having the hetero atom at an 
aromatic ring, such as dihydrofuran, tetrahydrofuran, pyran, dihydropyran, tetrahydropyran, piperidine, piperadine, 
pyrrolidine, xanthene, and the like. 

(c) The compound having a methine carbon atom (methylidine group) comprises, for instance, a chain hydrocarbon 

(d) having a tertiary carbon atom, a bridged cyclic hydrocarbon (c2) and the like. 

Examples of the chain hydrocarbon (d) having a tertiary carbon atom include a aliphatic hydrocarbon having 
about 4 to 10 carbon atoms such as isobutane, isopentane, isohexane, 3-methylpentane, 2,3-dimethylbutane, 2- 
methylhexane, 3-methylhexane, 2,3-dimethylpentane, 2,4-dimethylpentane, 2,3,4-trimethylpentane, 3-ethylpen- 
tane, 2,3-dimethylhexane, 2,4-dimethylhexane, 3,4-dimethylhexane, 2,5-dimethylhexane, 2-propylhexane, 2-meth- 
ylheptane, 4-methylheptane, 2-ethylheptane, 3-ethylheptane, 2,6-dimethylheptane, 2-methyloctane, 3- 
methyloctane, 2,7-dimethyloctane and 2-methylnonane. 

The bridged cyclic hydrocarbon (c2) comprises, for example, a bridged cyclic hydrocarbon [e.g., bicyclo hydro- 
carbon such asdecalin, hexahydroindan, carane, bornane, norbornene, norbornane, vinylnorbornene and norbor- 
nadiene; a tricyclo hydrocarbon such as homoblendane, adamantane and derivatives thereof (e.g., 
methyladamantane, 1 ,3-dimethyladamantane, ethyladamantane, chloroadamantane, adamantanol, adaman- 
tanone, methyladamantanone, dimethyladamantanone, formyladamantanone), tricyclo[4.3.1.1 2& |undecane; and a 
tetracyclohydorocarbon such as tetracyclo[4.4.0.1. 2£ \1. 7 ' 10 ]dodecane], a dimer of a diene or hydrogen adduct 
thereof (e.g., dicyclopentane, dicyclohxane, dicyclopentene, dicyclohexadiene, dicyclopentadiene, tetrahydrodicy- 
clopentadiene) and a terpene (e.g., pinane, pinene, camphor, bornene, caryophyllene). 

The preferred compound (c) having a methine carbon atom includes a bridged cyclic hydrocarbon having 
about 6 to 16 carbon atoms, in particular about 7 to 14 (especially a bridged cyclic hydrocarbon such as adaman- 
tane or a derivative thereof). 

(d) Examples of the compound having a methyl group or a methylene group at the adjacent site of an aromatic ring 
include an aromatic hydrocarbon having an alkyl group (e.g., toluene, o-, m- or p-xylene, 1,2,3-trimethylbenzene. 
1 ,2,4-trimethylbenzene, 1 ,3,5-trimethylbenzene (mesitylene), 1,2,3,4-tetramethylbenzene, 1 ,2,3,5-tetramethylben- 
zene, 1 ,2,4,5-tetramethylbenzene (durene). 1,2,3,4,5,6-hexamethylbenzene, ethylbenzene, propylbenzene, 
cumene, o-, m- or p-ethyltoluene, butylbenzene, 1,4-diethylbenzene, 1-methylnaphthalene, 2-methylnaphthalene, 
1 ,5-dimethylnaphthalene, 2,5-dimethylnaphthalene. 1 -methylanthracene, 2-methylanthracene, 9-methylanthra- 
cene, dimethylanthracene, trimethylanthracene, 4,4'<limethylbiphenyl, dibenzyl, diphenylmethane, triphenylmeth- 
ane), an aromatic hydrocarbon having a cyclic methylene group (e.g.. a condensed polycyclic aromatic 
hydrocarbon condesed by a about 5 to 8-membered ring, such as indane, indene, tetralin, dihydronaohthalene, f lu- 
orene, phenalene) and a heterocyclic compound having an alkyl group (e.g.. a picoline such as 2-methylfuran, 3- 
methylfuran, 2-methylpyran. 3-methylpyran, 4-methylpyran. 3,4-dimethylpyran, 4-methylchroman, 6-methylchro- 
man, 2-methylpyridine, 3-methylpyridine and 4-methylpyridine, a lutidine such as 2,3-dimethylpyridine, a collidine 
such as 2,4,6-trimethylpyridine. 2-ethylpyridine, 3-ethylpyridine. 4-ethylpyridine, methylquinoline and methylindole). 
The preferred compound (d) includes a compound having a methyl group or a methylene group at benzyl position. 

(e) The compound having a (active) methyl group or methylene group at the adjacent site of a carbonyl group com- 
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prises, for instance, an aldehyde (e1), a ketone (e2) and a carboxylic acid or derivative thereof (e3). 

10059] The aldehyde (e1) comprises, for example, an aliphatic aldehyde (e.g.. an aliphatic monoaldehyde having 
about 2 to 12 carbon atoms such as acetaldehyde, propionaldehyde. butylaldehyde. isobutylaldehyde perrtylaldehyde, 
hexylaldehyde. heptylaldehyde. octylaldehyde, nonylaldehyde and decylaldehyde. an aliphati c polyaldeh yde such as 
malonaldehyde, succinaldehyde, adipic aldehyde and sebacic aldehyde), an aromatic a Idehyde ^(e.g 
anisaldehyde). an alicyclic aldehyde (e.g.. formylcyclohexane, citronellal). a bndged cychc aldehyde (e.g.. formylnor- 
bornene) and a heterocyclic aldehyde (e.g.. nicotinic aldehyde, furfural). 

[00601 Examples of the ketone (e2) include an aliphatic ketone (e.g.. acetone, methylethylketone. methylisopropylke- 
tone, methylisobutylketone. methyl-t-butylketone. 2-pentanone, 3-pentanone, 2-hexanone, 3-hexanone, 2-heptanone, 
3-heptanone. 4-heptanone. 2-octanone. 3-octanone. 4-octanone. 2-nonanone and 2-decanone). a cychc ketone (ag.. 
a non-aromatic cyclic mono- or polyketone such as cyclopentanone. cyclohexanone, methylcyclohexanone dimethyl- 
cyclohexanone. cycloheptanone. isophorone. cyclooctanone, cyclononanone. cyclodecanone. eye ohexadione and 
cyclooctadione; a cyclic ketone having an aromatic ring such as a-tetralone, p-tetralone and .ndanone), a bndged eye .c 
ketone (e.g.. pinocamphone. pinocarbon). an aromatic ketone (e.g.. acetophenene. propiophenone) and a heterocycl.c 

ketone (e.g., pyrrolidone, pyperidone). ... ,. . 

[0061 ] The carboxylic acid or derivatives thereof (e3) comprises, for example, an aliphat.c dicarboxyhc acid or derica- 

tives thereof (e.g., malonic acid or an ester thereof, succinic acid or an ester thereof and glutanc acd or an ester 

thereof). 

[0062] These substrates may be substituted by a suitable functional group, such as a halogen atom, an oxo group, a 
hydroxyl group, an alkoxy group, a carboxyl group, an alkoxycarbonyl group, an acyl group, an alkyl group, an alkenyl 
group (e.g.. an allyl group), a cycloalkyl group, an aryl group, a vinyl group, an amino group, an alkylam.no group, an 
amido group, a nitro group, a nitrile group, an acylamino group, a mercapto group, a sulfonyl group, a sulfmyl group, a 
sulfide group and a phosphino group. „ 
[0063] In such substrates (a), (b), (c). (d) and (e). a nitro group or a carboxyl group can be .ntroduced thereto at a 
carbon atom of a methyl or methylene group, or a methine carbon atom. To be specific, a nitro group or a carboxyl group 
can be smoothly introduced to the compound (c) at a methine carbon atom such as a cyclic methine carbon atom of the 
bridged cyclic hydrocarbon to provide a nitro compound or a carboxy compound of the bridged cyclic hydrocarbon i with 
high conversion and selectivity. Contact of. for example, adamantane among the bridged cyclic hydrocarbons wrth the 
nitrogen oxide in the presence of the catalyst provides 1 -nitroadamantane and/or 1 ,3-dinitroadamantane and/or 1 3,5- 
trinitroadamantane etc. Contact of adamantane with carbon monoxide and oxygen provides 1-carboxy^adamantane 
and/or 1 3-dicarboxyadamantane and/or 1.3.5-tricarboxyadamantane etc. Moreover, contact of adamantane wrth the 
nitrogen oxide, carbon monoxide and oxygen in the presence of the catalyst provides 1 -carboxy-3-nitroadamantane. 1- 
carboxy-3.5-dinitroadamantane, 1 ,3-dicarboxy-5-nitroadamantane etc. Furthermore, contact of 1 -methyladamantane 
with the nitrogen oxide provides 1 -methyl-3-nitroadamantane, contact of 1 -methyladamantane wrth carbon monox.de 
and oxygen provides 1 -carboxy-3-methyladamantane etc. 

[0064] In (d) the compound having a methyl group or a methylene group at an adjacent site of an aromatic ring, a nitro 
group or a carboxyl group can be smoothly introduced thereto at the benzyl position. Contact of. for example toluene 
among the compound having a methyl group or a methylene group at the benzyl position with the nrtrogen ox.de .n the 
presence of the catalyst provides nitrobenzene etc. and contact of toluene with the carbon monoxide and oxygen pro- 
vides phenylacetate. Use of ethylbenzene as a substrate provides 1-nitroethylbenzene, 1 -phenylprop.onate etc. Appli- 
cation of the process of the present invention to f luorene provides 9-carboxyf luorene. 

[Amount and ratio of the each component] 

[0065] The amount of the imide compound shown by the formula (1) may be selected within a broad range, for exam- 
Die of about 0 0001 mole (0.01 mole%) to 1 mole (100 mole%). preferably about 0.001 mole (0.1 mole%) to 0.5 mo e 
(50 mole%). more preferably about 0.01 to 0.30 mole, and may be practically about 0.01 to 0.25 mole, relative to 1 mole 

i [0066] SU The a amount of the co-catalyst may be selected within a broad range of. for example, about 0.0001 mole (0.01 
mole%) to 0 7 mole (70 mole%), preferably about 0.0001 mole to 0.5 mole, more preferably about 0.001 to 0.3 mole, 
and may be practically about 0.0005 to 0.1 mole (e.g.. about 0.005 to 0.1 mole), relative to 1 mole of the substrate. 
[0067] The ratio of the co-catalyst to the imide compound shown by the formula (1 ) may be selected within the range 
not interfering with the reaction rate or selectivity, for example, of about 0.001 to 10 mole of the co-catalyst, preferably 

5 about 0.005 to 5 mole, more preferably about 0.01 to 3 mole, and may be practically about 0.01 to 5 mole, relative to 1 

mole of the imide compound. , , .... 

[0068] The amount of the nitrogen oxide may be selected depending upon the introduced amount of nitro group, within 
the range of. for example, about 1 mole or more (e.g.. about 1 to 50 mole), preferably about 1 .5 to 30 mole, and may be 
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usually about 2 to 25 mole, relative to 1 mole of the substrate. 

[0069] The amount of carbon monoxide may be selected within the range of, for exampl^dbout 1 mote or more (eg 
about 1 to 1000 mole), preferably excess mole, for example, about 1 .5 to 100 mole (e.g.. about 2 to 50 mole), more pref- 
erably about 2 to 30 mole (e.g.. about 5 to 25 mole), relative to 1 mole of the substrate. 

[0070] The amount of oxygen may be selected within the range of about 0.5 mole or more (<^*"W5 *> 
mole) preferably about 0.5 to 30 mole, more preferably about 0.5 to 25 mole, relative to 1 mole £ to . 
[0071] In a continuous reaction, when excess amount of carbon monoxide and oxygen are used, they can be used to 
supply to the reaction system continuously by. for example, circulating them. 

[0072] The ratio of carbon monoxide (CO) to oxygen (0 2 ) may be selected withm the wide range, as far as ^ amount 
of me each component is within the above range, for example, of CO/0 2 = about 1/99 to 99.99/0.01 (mole%) [eg about 
70/30 to 99/1 (mole%)]. Use of more amount of the carbon monoxide than that of oxygen is advantageous. The ratio of 
CO to O a may be usually selected within the range of CO/O a = about 1/99 to 99/1 (mole%) [e.g about 0790 to 99 
(mole%J]. and may be preferably about 30/70 to 98/2 (mole%), more preferably about 50/50 to 95/5 (mole%). particu- 

larlv about 60/40 to 90/10 (mole%). K , . . „, 

[0073] The volume ratio of carbon monoxide to oxygen in a supply line may be selected within the range of. for exam- 
ple CO/0 2 = about 1/99 to 99.99/0.01 (volume%) [e.g.. about 70/30 to 99/1 (volume*)], and may be usually about 1/99 
S 99/1 (volume%). preferably about 30/70 to 98/2 (vo.ume%). more preferably about 50/50 to 95/5 (vo.ume%). specif- 
ically about 60/40 to 90/1 0. 

[Nitration reaction and carboxylation reaction] 

[0074] The nitration reaction and/or the carboxylation reaction can be conducted in the presence or absence ofa sol- 
vent. As the solvent, use can be made of a solvent inert to reaction, examples of wh.ch are organic acids (ag , cafcox- 
ylic acids such as acetic acid and propionic acid), nitri.es (e.g.. acetonrtrile. prop.on.tnle ^^^T^ 
formamide, dimethylformamide). alcohols (e.g.. ethanol. propanol. butanol, t-butanol. t-amylalcohol). 
bons (e.g. hexane! octane), aromatic hydrocarbons (e.g.. benzene), organic halogen ""P"*^^ 
hydrocarbons such as dichloromethane. chloroform, dichloroethane. dichlorobenzene. and trrf,uorom ^ enze " e an h h ^ 
ogen-substituted carboxylic acids such as chloroacetic acid and trifluoroacetic acid; halogen-substituted acid anhy- 
dndi such as chloroacetic anhydride; halogen-substituted esters such as methyl chloroacetate and e thy 
chloraacetate) nitro compounds (e.g.. nitromethane. nitrobenzene), esters (e.g.. ethyl acetate), ethers (e.g d.m<*hyl 
ether), and mixed solvenS of these. Among them, carboxylic acids (e.g., acetic acid ^^^^SSSSi 
compounds and nitriles are preferred as the solvent. A mixture of two or more solvents serves to enhance the : y*d and 
selectivity. As the solvent mixtures, there may be mentioned a mixed solvent comprising at least one solvent selected 
from nitriles and organic halogen compounds (e.g.. a mixed solvent of a nitrile and an °^n.c hatogen^ m™«£ 
mixed solvent of a nitrile and an organic acid), and the like. When the solvents are used in corrto.nat.on the ra^ o for 
blending these solvents can be selected from a wide range. For instance, the ratio of a dominant primary solvent relative 
to the o'her solvent(s) ranges from about 1/99 to 99/1 (the former/the latter, by weight) .preferably from about 5/95 to 
95/5 (by weight), and more preferably about 10/90 to 90/10 (by weight) (e.g., 15/85 to 85/1 5 nr ttltMtm 

[0075] In *e present invention, the reactions can be smoothly conducted even m a comparatively mild or moderate 
condition. The reaction temperature may be suitably selected according to species of the reactions. sP^s^ttie .m.de 
compounds or the substrates. For example, in the nitration reaction, the reaction temperature may be selected wrfh.n 
meTange of about 0 to 150-C. preferably about 25 to 125°C, more preferably about 30 to 100°C. The nitration reaction 
TmSy proceeds at a comparatively lower temperature such as within the range about 20 to 60»C In he carboxyla- 
tionTaction. the reaction temperature may be selected within the range of about 0 to 200»a preferably about 1 C .to 
150°C (e.g.. about 10 to 120°C). more preferably about 10 to 100°C (e.g., about 10 to 80°C). The reaction can be con- 
ducted under ambient pressure or in a pressure (under load). 

[0076] When a nitrogen oxide is used as a reactant. a reaction in the presence of oxygen sometimes provrfes a 

nitroalcohol or an alcohol. The nitroalcohol is included in the nitro compound of the present .nvention 

[0077] The process of the present invention is useful for nitrating and/or carboxylating a substrate to provide a nitro 

• compound and/or carboxyl compound corresponding to the substrate, efficiently In the process, the corr^ canbe 
obtained with high conversion and selectivity even in a mild and moderate cond.tion. To be specif*, when a nurture of 
carton monoxide and oxygen is employed as a reactant a carboxyl group can be directly ^^^^^^ 
a carboxyl compound having more carbon atoms than the substrate depend.ng on the introduced amount of carboxy 
groups. Thus, inthe present invention, a substrate is contacted with carbon monoxide and oxygen in the presence of 

; the catalyst to provide a carboxyl compound at fewer reaction steps. . 
[0078] The reaction may be conducted in any of a batch, semi-batch, or continuous system After the <™^ n 
the reaction, the reaction product can be easily separated and purified by a conventional separatior^urrfication method 
including such separation methods as filtration, concentration, distillation, extraction, crystallisation, recrystall.sat.on. 
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adsorption, column chromatography, and a combination of these separation methods. 
[Adamantane derivative] 

s [0079] In the adamantane derivative shown by the formulas (2) and (3), a protective group of a hydroxymethyl group 
(the moiety corresponding to hydroxyl group of hydroxymethyl group) is included, for instance, t-butyl group, a cycloalkyl 
group (e.g., cyclohexyl group), an aryl group (e.g., 2,4-dinitrophenyl group), an aralkyl group (e.g., benzyl group, 2,6- 
dichlorobenzyl group, 3-bromobenzyl group, 2-nitrobenzyl group, 4-dimethylcarbamoylbenzyl group, a benzyl group 
which may have a substituent such as triphenylmethyl group), tetrahydropyranyl group, an acyl group [e.g., a suturated 

w aliphatic acyl group [(e.g., a saturated C 2 - 6 aliphatic acyl group such as acetyl group, propionyl group, isopropionyl 
group, butyryl group, isobutyryl group, valeryl group, isovaleryl group, pyvaloyl group, preferably a C 2 . 4 saturated 
aliphatic acyl group), an aromatic acyl group (e.g., a C 7 . 13 aromatic acyl group such as benzoyl group, p-phenylbenzoyl, 
phthaloyl, naphtoyl), an alicyclic acyl group (a cycloalkyl-carbony) group; such as cyclohexylcarbonyl)], an alkoxy carb- 
onyl group such as a C v6 alkoxy-carbonyl group (e.g., methoxy carbonyl group, ethoxy carbonyl group, propyloxy carb- 

15 onyl group, isopropyloxy carbonyl group, isobutyloxy carbonyl group, t-butyloxy carbonyl group), an alalkyloxy carbonyl 
group (e.g., benzyloxy carbonyl group, methoxybenzyloxy carbonyl group), a carbamoyl group, which may have a sub- 
stituent such as a Chalky! group and a C 6 . 14 aryl group, (e.g., carbamoyl group, methylcarbamoyl group, ethylcar- 
bamoyl group, phenyl carbamoyl group), a dialkylphosphinotioyl group (e.g., dimethylphosphinotioyl group), a 
diarylphosphinotioyl group (e.g.. diophenylphosphinotioyl group). A preferred protective group of hydroxymethyl group 

20 includes, for instance, an acyl group (specifically, a saturated C 2 . 6 aliphatic acyl group etc., more specifically, a saturated 
C 2 . 4 aliphatic acyl group etc.), a C^alkoxy-carbonyl group, a carbamoyl group which may have a substituent. 
[0080] A protective group of amino group includes, for example, as illustrated in the paragraph of the protective group 
of the hydroxyl group, t-butyl group, an aralkyl group, a non-polymezable acyl group [such as a saturated aliphatic acyl 
group (e.g., a saturated C 2 . 6 aliphatic acyl group, especially, a saturated C 2 . 4 aliphatic acyl group), an aromatic acyl 

25 group (e.g., a C 7 _ 13 aromatic acyl group), an alicyclic acyl group], an alkoxy carbonyl group (e.g., a C^alkoxy carbonyl 
group), an aralkyloxy carbonyl group, a dialkylphosphinotioyl group, a diarylphosphinotioyl group. A preferred protective 
group of amino group comprises, for instance, a non-polymerizable acyl group [such as a saturated C 2 . 6 aliphatic acyl 
group (specifically, a saturated C 2 . 4 aliphatic acyl group), a C 7 . 13 aromatic acyl group], an alkoxy carbonyl group (specif- 
ically, a C-i_ 6 alkoxy carbonyl group). 

30 [0081] An N-substituted amino group includes, for example, a mono- or di-C^ealkylamino group (e.g., methylamino 
group, ethylamino group, a propylamino group, dimethylamino group, diethylamino group), prefferably, a mono- or di-Cj. 
4 alkytamino group. 

[0082] A protective group of a carboxyl group comprises, for instance, an alkoxy group such as a C^oalkoxy group 
(e.g., methoxy group, ethoxy group, propoxy group, isopropoxy group, butoxy group, isobutoxy group, s-butoxy group, t- 

35 butoxy group, hexyloxy group), preferably, a C^alkoxy group, especially, a C^alkoxy group, a cycloalkyloxy group 
(e.g., cyclohexyloxy group), an aryloxy group (e.g., phenoxy group), an aralkyloxy group (e.g., benzyloxy group, diphe- 
nylmethyloxy group), a trialkylsilyloxy group (e.g., trimethylsilyloxy group), an amino group which may have a substitu- 
ent [amino group; an N-substituted amino group, such as a mono- or di-C^e alkyl amino group (e.g., methylamino 
group, dimethylamino group, ethylamino group, diethylamino group)], hydrazino group, an alkoxy carbonyl hydrazino 

40 group (e.g., t-butoxycarbonylhydrazino group), an aralkyloxycarbonylhydrazino group (e.g., benzyloxycarbonylhy- 
drazino group). A preferred protective group of carboxyl group includes an alkoxy group (especially, a C^alkoxy 
group), an amino group which may have a substituent (e.g., an N-substituted amino group, especially, a mono- or di-C^ 
6 alkylamino group). 

[0083] An alkyl group comprises, for instance, a C^alkyl group, such as methyl, ethyl, propyl, isopropyl, butyl, isoutyl, 
45 s-butyl, t-butyl, hexyl, preferrably, a C^alkyl group, more preferably, methyl group or ethyl group. 

[0084] In the compound shown by the formula (3), a substituent of a carbamoyl group includes, for example, a 
6 alkyl group such as methyl, ethyl, propyl, butyl, and isobutyl group and a C 6 . 14 aryl group such as phenyl and naphthyl 
group. A substituted hydrooxycarbonyiamino group includes, for example, a C^ealkoxy-carbonylamino group such as 
methoxycarbonylamino, ethoxycarbonylamino, propoxycarbonylamino, and butoxycarbonylamino group; a C 6 _ 
so 14 aryloxy-carbonylamino group such as phenyloxycarbonylamino and naphtyloxycarbonylamino group; and a C 7 _ 
15 aralkyloxy-carbonylamino group such as benzyloxycarbonylamino group. 

[0085] Examples of a saturated aliphatic acylamino group include a saturated C 2 - 6 aliphatic acylamino group such as 
acetylamino, propionylamino, isopropionylamino, butylylamino, isobutylylamino, valerylamino, isovalerylamino, and 
pivaloyiamino group, and preferably a saturated C 2 . 4 aliphatic acylamino group. An aromatic acylamino group includes, 
55 for example, an aromatic C 7 . 13 acylamino such as benzoylamino and naphtoylamino group. A substituted oxycarbonyl 
group includes, for example, a C^alkoxy-carbonyl group such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl 
and butoxycarbonyl group; a C 6 . 14 aryloxy-carbonyl group such as phenyloxycarbonyl and naphtyloxycarbonyl group; a 
C 7 . 15 aralkyloxy-carbonyl group such as benzyloxycarbonyl group. An alkyl group as a substituent of an amino group 
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includes, for example, a C^alkyl group such as methyl, ethyl, propyl, butyl and isobutyl group. 
[0086] Examples of a preferred X 1 include nitro group, amino group, a C 2 . 6 acylamino group corresponding to an 
amino group protected by a C 2 . 6 acyl group, a d.galkoxy-carbonylamino group corresponding to an am.no group pro- 
tected by a CLgalkoxy-carbonyl group, carboxyl group, a d-ioalkoxy-carbonyl group corresponding to a caiboxyl group 
protected by a d.^alkoxy group (especially, a C^lkoxy-carbonyl group), a carbamoyl group, wh.ch may have a sub- 
stituent, corresponding to a carboxyl group protected by an amino group which may have a substituent. hydroxymethyl 
group isocyanato group. Examples of a preferred X 2 include amino group, a C 2 . 6 acylamino group corresponding to an 
amino group protected by a C 2 . 6 acyl group, a d-6a"k°xy-carbonylamino group corresponding to an amino group pro- 
tected by a C< 6 alkoxy-carbonyl group, hydroxymethyl group, isocyanato group, depending on species of X 
[0087] Examples of a preferred X 3 or X 4 include hydrogen atom, an alkyl group, nitro group, amino group, a C 2 . 
eacylamino group, a C^alkoxy-carbonylamino group, carboxyl group, a C^oalkoxy-carbonyl group (particularly a d- 
6 alkoxy-carbonyl group), a carbamoyl group which may have a substituent, hydroxymethyl group and isocyanato group. 
[0088] A preferred X 5 includes, for example, a carbamoyl group which may have a substituent, a d- 
6 alkoxycarbonylamino group, a saturated aliphatic C 2 . 6 acylamino group and an aromatic Cy.^acylamino group. A pre- 
ferred X s includes, for example, carboxyl group, a d-ic^oxy-carbony! group, amino group, a C 2 . 6 acylamino group, a 
d 6 alkoxy-carbonylamino group and nitro group, depending on species of X . 

[0089] A preferred X 7 or X 8 includes, for example, a substituent exemplified as the preferred X or X . 
[0090] When such novel adamantane derivatives have an acidic group or a basic group, they may form salts. 
[0091 ] Among the compounds shown by the formula (2). as a nitro group-containing adamantane derivative, there 
may be exemplified 1-amino-3-nitroadamantane. 1-amino-3-methyl-5-nitroadamantane. 1-amino-3,5-dimethyl-7-nitro- 
adamantane, 1 -amino-3.5-dinitroadamantane, 1 -methoxycaibonylamino-3-nitroadamantane, 1 .3-b.s(methoxycarbo- 
nylamino)-5-nitroadamnatane. 1 -methoxycarbonylamino-3.5-dinitroadamantane, 1 -ethoxycaroonylam.no-3- 
nitroadamantane, l-acetylamino-3-nitroadamantane, 1 -acetylamino-3.5-dinitroadamantane. 1 ,3-b.s(acetylam.no)-5- 
nitroadamantane, 1 -hydroxymethyl-3-nitroadamantane and 1 -isocyanato-3-nitroadamantane. 

[0092] As an adamantane derivative having an ami no group or N-substituted amino group which may be protected by 
a protecting group, there may be mentioned, for example. 1 -amino-3-isocyanatoadamantane. 1 -amino-3-isocyanato-5- 
methyladamantane, 1 -isocyanato-3-methoxycarbonylaminoadamantane. 1 -isocyanato-3-(N-methylamino)adamantane 
and 1 -acetylamino-3-isocyanatoadamantane. 

[0093] Examples of an adamantane derivative having a carboxyl group which may be protected by a protecting group 
include l-carboxy-3-hydroxymethyladamantane, l.3-dicarboxy-5-hydroxymethyladamantane. 1 -carboxy-3 5- 
bis(hydroxymethyl)adamantane, 1 -caiboxy-3-hydroxymethyl-5-methyladamantane. 1 -hydroxymethyl-3-methoxycarbo- 
nyladamantane, 1 -ethoxycarbonyl-3-hydroxymethyladamantane. 1 -hydroxymethyl-3-(N.N-dimethylcarbamoyl)adaman- 
tane l-isocyanato-3-methoxycarbonyladamantane and l-isocyanato-3-(N,N-dimethylcarbamoyl)adamantane. 
[0094] An adamantane derivative having a hydroxymethyl group which may be protected by a protecting group 
includes, for example, l-acetyloxymethyl-3-isocyanatoadamantane and 1-propionyloxymethyl-3-isocyanatoadaman- 

tcinG 

[0095] Among the adamantane derivatives shown by the formula (3), an adamantane derivative having a carbamoyl 
group which may have a substituent includes, for example. 1-carboxy-3-(N-methylcarbamoyl)adamantane. 1-carboxy- 
3-(N NOimethylcarbamoyl)adamantane, 1 -carboxy-3-methyl-5-(N.N-dimethylcarbamoyl)adamantane. 1 -methoxycarb- 
onyl-3-(N N-dimethylcaibamoyl)adamantane, 1 -amino-3-(N.N-dimethylcarbamoyl)adamantane. 1 -acetylamino-3-(N,N- 
dimethylcarbamoyl)adamantane. l-methoxycarbonylamino-3-(N,N-dimethylcarbamoyl)adamantane and 1-(N,N- 
dimethylcarbamoyl)-3-nitroadamantane. 

[0096] Examples of a nitro group-containing adamantane derivative include 1 -methoxycarbonyl-3-nitroadamantane, 
1 3-bis(methoxycarbonyl)-5-nitroadamantane, l-methoxycaitoonyl-3.5-dinitroadamantane, 1-methoxycarbonyl-3- 
methyl-5-nitroadamantane. 1-ethoxycarbonyl-3-nitroadamantane, l-nttro-3-propoxycaibonyladamantane and 1-nitro- 
3-phenoxycarbonyladamantane. 

[0097] A substituted hydroxycarbonylamino group-containing adamantane derivative includes, for example, 1 -metn- 
oxycarbonyl-3-methoxycarbonylaminoadamantane, 1 -methoxycarbonyl-3-methoxycarbonylamino-5- methyladaman- 
tane 1 -ethoxycarbonyl-3-ethoxycarbonylaminoadamantane, l-hydroxymethyl-3-methoxycarbonylaminoadamantane, 
1 -amino-3-methoxycarbonylaminoadamantane, 1 -amino-3-methoxycarbonylamino-5-methyladamantane, 1 -acethyl- 
amino-3-methoxycarbonylaminoadamantane and 1 -acetylamino-3-ethoxycarbonylaminoadamantane. 
[0098] A saturated aliphatic or aromatic amino group-containing adamantane derivative includes, for example, 1 - 
acetylamino-3-carboxyadamantane. 1 ,3-bis(acetylamino)-5-carboxyadamantane, 1 -acetylamino-3.5-dicarboxyada- 
mantane 1-acetylamino-3-carboxy-5-methyladamantane, 1-benzoylamino-3-carboxyadamantane. 1-acetylamino-3' 
hydroxymethyladamantane. 1-acetylamino-3-aminoadamantane. 1,3-bis(acetylamino)-5-aminoadamantane, 1 
acetylamino-3,5-diaminoadamantane, l-acetylamino-3-(N.N-dimethylamino)adamantane and 1 -acetylamino-3-(N 
methylamino)adamantane. 

[0099] The adamantane derivative shown by the formula (2) or (3) may have other substituents. for example, a halo 



14 



EP 0 897 747 A1 



10 



arouD [Production of adamantane derivatives] , . . . . 0+ 

[0100] The adamantane derivatives shown by the formulas (2) and (3) and an adamart tane denva** 
L substituents selected from the group consisting of a nitro group an momP«N 
which mav be protected by a protecting group, a carboxyl group wh.ch may be protected by a Protectng | group, a 

gCpwlh may be protected by a protecting group, and an isocyanato group at a methme carbon atom 
ofa Sehead position of adamantane sketton can be obtained by the following reaction step scheme (I) or (..), or by 
combinating the reaction step scheme (I) and (II). 



Reaction step schemed) 
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40 wherein X 1b represents a nitro group; X 1c represents an amino group; X 1d represents an isocyanato group; X a , 

X* xflSS^ atom, a nitro group, an amino or N-substituted amino group wh,ch may be pro- 

fected t^JLSS^ -a^ group which may be protect by a 

which may be protected by a protecting group, or an isocyanato group respectively, and X and X respect.vely 
45 the same meanings as defined above). 
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carooxyi group wniwi c » 3 4 . mean ngs as defined above.) 

tecting group, or an .socyanato group; and X and X each has me samer « (M) j th reac . 

[0103] The nitration (nitration reaction which denves with a nitrogen 

tion step scheme (I) may be carried out by the nrtraborv met hod. ..e . ^method of contains £S ^ tQ a 

oxide at least, in the presence of the imide compound ^^^^J^^^v^ atom, X*> 

methine carbon atom of a bridgehead P° s * on ^^ Tor exan^rSon of an adamantane may 

may be also converted into a n^^^^^^ 

give 1 -nitroadamantane and/or 1 .3-dinitroadamantane. Further the nitrauon °\ d , _ hydroX y- 3 - n jtro- 

tane and 1 -hydroxyadamantane may give 1 ,3-din.troadamantane, 1 -carboxy-3-n.troadamantane y 

reduction process using a hydrogenation reducing age* palladium, nickel, cobalt, iron 

[01051 In the catalytic M-ogePation. a sin^aeuMa^e ^l^Sida Sum Ma*, palladium carbon and 
and copper, a compound containing such metal elements(e.g.. plaenum wide j perao " " „ 02 B , ^ 

"■»-»» «£ZZZ r^^S Z Son* n^be. tor exanple. 
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amide). Moreover, when reduction reaction is conducted by the catalytic hydrogenation. an acid such as hydrochloric 
acid may be added to the reaction system in order to improve the catalytic activity. 

[0108] The nitro group X 1b of the compound (2b) is converted into an amino group by the reduction reaction. In the 
compound (2b), when X 2b is a nitro group, the nitro group may be also converted into an amino group according to reac- 
tion conditions. For example, the reduction of 1 -nitroadamantane may give 1-aminoadamantane, and the reduction of 
1 3-dinitroadamantane may give 1 -amino-3-nitroadamantane and/or 1 ,3<Jiaminoadamantane. Further, the each reduc- 
tion of 1-carboxy-3-nitroadamantane and 1 -hydroxymethyl-3-nitroadamantane may give 1-amino-3-carboxyadaman- 
tane and 1-amino-3-hydroxymethyladamantane respectively. 

[0109] The isocyanation (reaction deriving compound (2d) from compound (2c)) of the step (I-3) may be carried out 
by a conventional method, for example, the method using phosgene. The reaction of the compound (2c) with phosgene 
may be conducted, for example, in the presence or absence of a solvent at a temperature of about -10 to 100°C. The 
amount of phosgene is, for example, about 0.8 to 10 mole and preferably about 1 to 2 mole relative to 1 mole of the 

compound (2c). l _ 

[0110] The amino group X 1c of the compound (2c) may be converted into an isocyanato group by the reaction men- 
tioned above. When X 2c of the compound (2c) is an amino group, the amino group may be converted into an isocyanato 
group according to conditions. For example, the isocyanation of 1-aminoadamantane may give 1 -isocyanatoadaman- 
tane. Further, each of 1-amino-3-nitroadamantane, 1.3-diaminoadamantane, 1 -amino-3-carboxyadamantane and 1- 
amino-3-hydroxymethyladamantane may be subjected to isocyanation to give 1 -isocyanato-3-nitroadamantane, 1,3- 
diisocynatoadamantane, l-isocyanato-3-carboxyadamantane and 1-isocyanato-3-hydroxymethyladamantane respec- 
tively. 

[01 1 1 ] The carboxylation (reaction deriving compound (2f) from compound (2e)) of the step (11-1 ) in the reaction step 
scheme (II) may be carried out by the above-mentioned carboxylation, i.e., the process for contacting a substrate with 
at least carbon dioxide and oxygen in the presence of the imide compound shown by the formula (1). A carboxyl group 
can be introduced to a methine carbon atom at a bridgehead position of the compound (2e) by the carboxylation. When 
X 2e of the compound (2e) is a hydrogen atom, X 2e may be also converted to a carboxyl group according to reaction con- 
ditions. For example, an adamantane may be carboxylated to produce 1 -carboxyadamantane and/or 1 ,3-dicarboxyad- 
amantane as previously described. Further, the carboxylation of each 1 -carboxyadamantane and 1 -nitroadamantane 
may give 1 ,3-dicarboxyadamantane and 1 -carboxy-3-nitroadamantane respectively. 

[0112] The reduction (reaction introducing compound (2g) from compound (2f)) of the step (II-2) may be carried out 
by a conventional method such as catalytic hydrogenation using hydrogen as a reducing agent and a method using a 
hydrogenation reducing agent described for the step (I-2). In this step, a preferred hydrogenation reducing agent 
includes, for example, a sodium boron hydride-Lewis acid, aluminum hydride, lithium aluminum hydride, lithium tri- 
alkoxyaluminum hydride and diborane. 

[0113] The reduction reaction may convert the carboxyl group X 1f of the compound (2f) may be converted to a 
hydroxymethyl group. Moreover, when X 2f of the compound (2f) is a carboxyl group, the caitoxyl group may be also 
converted to a hydroxymethyl group according to reaction conditions. For example, the reduction of 1 -carboxyadaman- 
tane gives 1 -hydroxymethyladamantane, and the reduction of 1,3-dicarboxyadamantane gives 1-carboxy-3- 
hydroxymethyladamantane and/or 1 ,3-bis(hydroxymethyl)adamantane. 

[01 1 4] Incidentally, according to the species of substrates, a hydroxylmethyl group (a site corresponding to a hydroxyl 
group of the hydroxymethyl group), an amino group and a carboxyl group of the reaction component or the reaction 
product may be protected by the above protecting group before, after, or during the each step. The introduction and 
elimination of the protecting group for a hydroxymethyl group, an amino group and a carboxyl group may be carried out 
by a conventional method such as esterification, amidation, carbamation, carbonation, hydrolysis and hydrogenolysis, 
if necessary, using an acid, an alkali, an ion-exchange resin, a catalyst for hydrogenolysis or the like. 
[01 1 5] When an acyl group is used as a protecting group for a hydroxylmethyl group or an amino group (acyloxymethyl 
group or acylamino group is formed), the hydroxymethyl group or the amino group of the substrate may be protected by 
allowing to act an acylating agent on the substrate. Examples of the acylating agent include C 2 . 6 aliphatic monocarbox- 
ylic acids such as acetic acid, propionic acid, n-butyric acid, isobutyric acid, valeric acid and pivalic acid (preferably C 2 . 
4 carboxylic acids), and reactive derivatives thereof [e.g., acid anhydrides such as acetic anhydride and valeic anhy- 
dride, acid halides such as acid chloride (e.g., acetyl chloride, propionyl chloride and butyryl chloride)]. When an acid 
anhydride or an acid halide is used as an acylating agent, the acylation reaction is usually carried out in the presence 
of a base in order to capture the acid which is a by-product in the reaction. As the base, there may be exemplified an 
inorganic base (e.g., a hydroxide of an alkai metal such as sodium hydroxide; a hydroxide of alkaline earth metal such 
as barium hydroxide; carbonate of an alkaline metal such as sodium carbonate; a carbonate of an alkaline earth metal 
such as barium carbonate; a hydrogencarbonate of an alkaline metal such as sodium hydrogencarbonate); and an 
organic base (e.g., a tertiary amine such as triethylamine and N-methylpiperidine; a basic heterocyclic compound con- 
taining a nitrogen atom such as pyridine; an alkoxide of an alkali metal such as sodium methoxide and sodium ethox- 
ide). The acylating agent may be used singly or in combination of two or more. 
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[01 1 6] For example, 1 -acetylamino-3-nitroadamarrtane can be obtained by acting acethyl chloride on 1 -amino-3-nitro- 
adamantane in the presence of the base. 

[0117] When a substituted hydroxycarbonyl group is used as a protecting group for a hydroxymethyl group or an 
amino group, the hydroxyl group or the amino group may be protected by reacting a substrate with a halocatbonate to 
obtain a compound having a cartoonate group or carbamate group. The reaction may be usually earned out in the pres- 
ence of a base. As the base, the similar base to one exemplified above may be used. 

[01 1 8] When a carbamoyl group is used as a protecting group for a hydroxymethyl group, the hydroxymethyl group 
may be protected, for example, by reacting a substrate with an isocyanate compound, if necessary, in the presence of 
the base exemplified above to obtain a compound having a carbamoyloxy group. 

[01191 Moreover, an adamantane derivative having N-substituted amino group may be produced, for example, by 
reacting a substrate with a hydrocarbon halide (e.g., aliphatic hydrocaibon halide such as iodomethane, .odoethane, 
iodobutane, bromomethane. bromoethane. bromobutane. chloromethane and chloroethane). The reaction may be con- 
ducted in the presence of a de-hydrogen halide agent (an agent for eliminating a hydrogen halide). As the de-hydrogen 
halide agent, a base, for example, the above exemplified may be practically used. The reaction may be conducted in 
solvent inert to the reaction. As such solvent, use may be made of exemplified solvents for the nitrat.on reaction such 
as a hydrocaibon halide, an ether, an ester and an amide. 

[01201 When a substituted hydroxyl group (e.g., an alkoxy group) protects a caifcoxyl group [(i.e.. when a substituted 
hydroxycaibonyl group (an ester group)] is formed), the caiboxyl group may be protected by reacting a carboxyl group- 
containing compound or derivative thereof (e.g.. an acid halid such as an acid chloride) with an alcohol (e.g.. methanol 
ethanol) or reactive derivative thereof (e.g.. lower alkyl ester), if necessary, in the presence of an acid (e.g.. a mineral 
acid such as hydrochloric acid and sulfuric acid) or an base (e.g., the base exemplified above) to produce a compound 
having the corresponding ester group. The lower alkyl ester includes, for example, acetic acid-C^alkyl ester such as 
methyl acetate and ethyl acetate or the corresponding propionate (e.g.. methyl propionate, ethyl propionate) For exam- 
ple 1-methoxycarbonyl-3-nitroadamantane may be obtained by reacting 1 -carboxy-3-nitroadamantane with methanol 
in the presence of an acid, or by acting thionyl chloride on 1 -carboxy-3-nitroadamantane followed by reacting with meth- 
anol in the presence of a base. 

[01 21 ] Moreover when a carboxyl group is converted into a group having an amide bond with use of an amino group 
as a protecting group for the carboxyl group (i.e., when an N-substituted or unsubstituted carbamoyl group is formed), 
a condition of a conventional process for forming an amido bond may be applied. The process for forming an amido 
bond may be carried out, for example, by following methods: 

(a) a method by a mixed acid anhydride, i.e., a method which comprises reacting a compound having a carboxyl 
group with an acid halide (e.g.. acetyl chloride, propionyl chloride, acetyl bromide) to produce a mixed acid anhy- 
dride followed by reacting the given mixed acid anhydride with an amine compound; 

(b) a method by an active ester, i.e.. a method which comprises converting a substrate into an active ester thereof, 
such as p-nitrophenylester. an ester with N-hydroxysuccinimide. an ester with 1 -hydroxybenzotnazol or the like fol- 
lowed by reacting the given ester with an amine compound; 

(c) a method by a carbodiimide, i.e.. a method which condenses an amine compound with a substrate in the pres- 
ence of an activating agent such as dicyclohexylcarbodiimide and carbonyldiimidazol; or 

(d) a method which comprises converting a substrate into a carboxylic anhydride thereof by a dehydrator such as 
acetic anhydride followed by reacting the given carboxylic anhydride with an amine compound, or a method wh.ch 
comprises converting a substrate to an acid halide thereof followed by reacting the acid halide with an amine com- 
pound. 

[0122] The amine compound used in the amide bond forming reaction includes, for example, ammonia or a derivative 
thereof (e.g.. ammonium halide such as ammonium chloride), a primary amine, a secondary amine, hydrazine or a 
derivative thereof (e.g., alkoxycarbonyihydrazine such as t-butoxycaitoonylhydrazine, alkoxycarbonylhydrazine such as 
benzyloxycarbonylhydrazine). 

[01 23] For example, the reaction of an acid halide with an amine compound may be carried out in a suitable solvent, 
in the presence of an basic compound. As the basic compound, use may be made of a basic compound exemplified for 
the reaction of the compound (la) having an amino group or the compound (1d) with a hydrocarbon halide and the like. 
[0124] Moreover, as the solvent, an organic solvent (e.g., an ether, an ester, an amide) exemplified for the nitration 

reaction may be employed. . 
[0125] Furthermore, the compound having a carbamoyl group may be obtained by reacting a compound having an 
i ester group (e.g.. an alkoxycaibonyl group, an aryloxycatbonyl group, an aralkyloxycarbonyl group) as a protected car- 
boxyl group with the amine compound in the presence of a catalyst comprising a metal compound. 
[0126] Examples of the metal compound used in the reaction (the amidation reaction) include a conventional catalyst 
for transesterification (including a catalyst for transferring an ester to an amide), for example, a transition metal com- 
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pound such as a compound comprising Group 3B element of the Periodic Table of El J^nts (e 9 aluminum compound 
such as A.C.3). a confound comprising Group 4A e.ement of the Periodic Tab.e rt ft H ^<^^ fl JSSS 
such as T1CW. a compound comprising Group 3A element (e.g.. samanum compound such as Sml 2 ) of the Penod.c 

Table of Elements. , . _ . . . H 

[0127] The amount of the catalyst may be liberally selected within a broad range, for example, ( ^ ™ 
equivalent, preferably about 0.5 to 50 mole%. and more preferably about 1 to 25 mole% (e.g.. about 5 to 20 mole/o) 
relative to a compound having an ester group. , 
[0128] The ratio of the amine compound to the ester group-containing compound .s, for example, about 0.5 to 5 mole^ 
preferably about 0.8 mole or more (e.g., about 0.8 to 5 mole), and specifically about 1 mole or more (e.g ; aboij M ^to 3 
mole, in particular about 1 to 1 .5 mole) of ammonia or the like relative to 1 equivalent of the ester group-contam.ng com- 

K The amidation reaction may be carried out in the presence or absence of a solvent inert to the .reactor l Asfte 
eactiin solvent, there may be exemplified an aliphatic hydrocarbon, an alicyclic hydrocarbon, an aromat.c "yd rocar- 
bon a ketone, an ether, a non-protonic polar solvent and a mixture thereof. The reaction temperature may be selected 
within the range of. for example, about 0 to 1 50 °C. and preferably about 25 to 1 20 °C. 

[01 30] The adamantane derivative shown by the formula (2) and (3) of the present invent.on can be concretely pro- 

fo^^Fo'l^imple, among compounds shown by the formula (2). a compound having a nitro W ^ " 
group which may have a protecting group or a substituent can be produced through the steps -1 and 1-2 . A com- 
pound having a nitro group and an isocyanato group can be produced through the steps (1-1). (I-2) and (I-3). A com- 
pound 5 a nitro group and a hydroxymethyl group which may be protected by a protecting group may be obta.ned 

55? ^^^^ » amfno group which may have a protective group or a substituent, and an isocyanato 

group may be produced through the steps (1-1), (I-2) and (I-3). ... nrni m 

0 33] A compound having a carboxyl group, which may be protected by protective group, and a W^W W™P 
which may be protected by a protecting group may be obtained, for example, through the step (11-1) and (II-2). A xom- 
pound hiving a carboxyl group which may be protected by a protecting group, and an .socyanato group may be 
obtained throuqh the steps (1-1), (I-2), (I-3) and (11-1). 

f^134] A compound having a hydroxyl methyl group which may be protected by a protecting group, and an .socyanato 
group may be produced through the steps (1-1), (I-2). (I-3). (11-1) and (II-2). 

?0135] Among the compounds shown by the formula (3). a compound having a carbamoyl group wh,ch may have a 
subslenTanda carbJy. group may be obtained through the step (1.-1) and the step of introduang an ammo group 
to * Xl flroup (the amide group-forming step). A compound having a carbamoyl group wh.ch may have a substit- 
uent aS a ZSEi hydroxjoaroony. group may be obtained through the step (1.-1). the step for .ntroduang an 
amino group to a carboxyl group and the stepfor introducing a substituted hydroxyl group to another carboxyl group (the 
esirg^up fuming step) A compound having a carbamoyl group which may have a substituent. and an am.no group 
which -T haTa pVoteSing group or a substituent may be obtained through the steps (1-1). (I-2). (11-1) and the step of 
mtrSuSg an amino group to the carboxyl group. A compound having a carbamoyl group wh.ch may have a subst tu- 
ert^nd a nuro group may be obtained through the steps (1-1), (11-1) and the step of introducing an ammo group to the 

Sisef Acom'pound having a nitro group and a substituted hydroxycarbonyl group may be produced through the ^steps 
1-1) (11-1) and the step of introducing a substituted hydroxyl group to the carboxyl group. A compound having a sub- 
stituted hydroxycarbonylam.no group and a substituted hydroxycarbonyl group may be obta.ned through ^eps 0-1). 
(I-2) (11-1) and the step of introducing the substituted hydroxycarbonyl group to an ammo group (the cafcamate group- 

t orming step) and the step of introducing a substituted hydroxyl group to the carboxy group. A compound havmg a sub- 
stituted hydroxycarbonylamino group and. a hydroxyl group may be protected by a protecting group through the steps 
(1-1) (I-2) (11-1) (II-2), and the step of introducing an amino group to the substituted hydroxycarbonyl group. A com- 
pound having a substituted hydroxycarbonylamino group and an amino group which may be protected by a protecting 
group X be obtained through the steps (1-1), (I-2). (I-3). and the step of introducing an substituted hy* = toj 

o group to the amino group. A compound having a saturated aliphatic or aromatic acylam.no group and a carboxyr group 
may be obtained through the steps (1-1 ). (I-2), (11-1). and the step of introducing an ac* group to an ammo group^ A . com- 
pound having a saturated aliphatic or aromatic acylamino group and a hydroxylmethyl group whrch nrnay be Protected 
by a Protecting group may be obtained through the steps (1-1). (1-2). (11-1). (H-2). and the step of '^ucmg an acyl 
group to an amino g^oup. A compound having a saturated aliphatic or aromatic acylamino group and an am.no group 

s S may be protected by an alkyi group may be obtained through the steps (1-1). (I-2). and the step of -"troducmg an 
acyigroup to an amino group. The introduction of an amino group or a substituted hydroxy^ group o a carboy gm 
introduction of a substituted hydroxycarbonyl group to an amino group, and introduction of an acyl group to an ammo 
group may be carried out by the above method for introducing a protecting group. 
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[01 37] Further, the diaminoadamantane derivative (compound (2ft) having at least two groups of amine^ groups £N- 
Substituted amino groups which may be protected by a protecting group, at bndgehead pos.t.on of adamantane skele 
o U nmay S Sned^trating the compound (compound (2h)) in which X- of the 

or a nitro orouD according to the step (1-1) to form a dinitro body (compound (2i)) in which X and X of the w™P ou "° 
m a^o grouS an" then reducing it according to the step (I-2) to convert into a diamine body .n wheh tf* and 
y2c 0 H h e rWoound (2c) are an amino groups and, if necessary, introducing a protecting group or a substrtuent to the 
LlSSS^SSSSil*. domino body is directly formed in the form of not salt but free, the sterna , 0 „ or 
denaiLion, decomposition or decrease of recover efficiency, each occuring when saft of a diammo bedy becomes 
See may be avoid. Therefore, the diamine adamantane derivative may be efficiently produced wrth h,gh y.eld. 



INDUSTRIAL APPLICABILITY 



101 381 in the method of the present invention, a substrate may be directly nitrated and/or carboxylated efficiently even 
n a mild ^eS^ndition since an imide compound shown by the formula (1) is 

ing agent selected from (i) a nitrogen oxide and (ii) a mixture of carbon monox.de and oxygen. Moreover, to a sut^rate, 
a^eaS one functional group selected from a nitro group and a carboxyl group can be .ntroduced to produce a nitre com- 
oound ancJoVcarboxy compound with high conversion and selectivity even in the mild or moderate condrton. 
rami MoreSe^ nTtrogen oxide, which causes environmental pollution, is efficiency utilized to form a nrtro compound 
may be prcducS wl *gh conversion and selectivity. Further, a carboxy compound having more carbon atoms than 
that of a substrate may be efficiently produced by a simple operation through fewer steps. 

[0140] Further in the present invention, a novel adamantane derivative useful for a high functional matenal may be 
provided. A diamino body of adamantane can be produced in high yield. 



25 
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EXAMPLES 



r0141l The following examples are intended to describe this invention in further detail and should by no means be 
■™£SLlS™s^ of the invention. Incidentally, infrared absorption spectra were measured after punfy- 
ing the reaction product by column chromatography. 



30 Example 1 



[0142] into a flask. 1 mmole of adamantane. 0.05 mmole of N-hydroxyphthal.m,de and 5 ml ^^^J* 
to mix and then the flask was equipped with a gas bag (about 1 L) of nitrogen monoxide NO. The mixture was ; reacted 
for 8 hours at 100°C with stirring. The reaction products were analyzed by gas chromatography, and. as a result. The 
Sl^n S adamantane wasV/o. and nrtroadamantane (yield 30%). adamantane. (yield 17%) and acetyloxyada- 



mantane (yield 33%) were formed. 



Example 2 to 5 

40 [0143] Into a flask. 1 mmole of adamantane. 0.05 mmole of N-hydroxyphthalimide and 5 ml of the solvent r presented 
n Tab e were added to mix. and then the flask was equipped with a gas bag (about 1 L) of nitrogen monox.de NO. The 
mirfu e IZ Cheated Uo °00°C with stirring. After the period of time shown in Table 1 . the reaction products were ana- 
lyS by 7s chr^maSgraphy. and. as a result, nitro compounds were formed with conversions and y.elds represented 
in Table 1 . 

45 [0144] Meanings of the symbols in Table 1 are as follows. 



BzCN: benzonitorile 
AcOH: acetic acid 
DCE: dichloroethane 
so Com. 1 : adamantanol 

Com. 2: acetyloxyadamantane 
Com. 3: nitroadmantane 
Com. 4: adamantanediol 
Com. 5: nitroadamantano 
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10 



Table 
Conversions(%) 




75 



20 



25 



30 



Example 6 to 8 

[01451 Into a flask 1 mmole of adamantane. 0.05 mmole of N-hydroxyphthalimide and 5 ml of the solvent shown in 
5£ 2 J» addi o mix and the flask was purged by nitrogen monoxide NO (about 1L) and oxygen 0 2 (about 1L). 

for 10 hours at the temperatures shown in Table 2, with stirring. ana- 
iSSS gas chromatography, and, as a result, nitro compounds were formed with yelds represented .n Table 2. 
[0146] Meanings of the symbols shown in Table 2 are as follows. 

AcOH: acetic acid 
AcCN: acetonitrile 
BzCN: benzonitorile 
DCE: dichloroethane 
Com. 1 : adamantanol 
Com. 2: acetyloxyadamantane 
Com. 3: nitroadmantane 
Com. 4: adamantanediol 
Com. 5: nitroadamantanol 



35 
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Table 2 





Solvents 


Temperatures (°C) 


Conversions(%) 






Yields(%) 














Com.1 


Com.2 


Com.3 


Com.4 


Com.5 


Ex.6 


AcOH 


100 


99 


4 


ri 


43 


10 


21 


Ex.7 


AcCN+DCE 


60 


89 


5 


10 


50 


6 


11 


Ex.8 


BzCN+AcOH 


100 


99 


1 


1 


79 


1 


3 



Example 9 

(5 [0147] An eggplant type flask with side arm was dipped in iced water and reduced Pressure. Into the flask, not only 
nitrogen monoJde and oxygen was introduced from a gas bag (1 L). The flask was filled wrth reddish-brown gas and 
"hen the reddish-brown gas sedimented to form blue liquid which comprised N 2 0 3 as a main component warmed 
with sedimentation of. The introductions of the nitrogen monoxide and oxygen were repeated to produce about 1 .5 ml 
of the blue liquid. The blue liquid was frozen with use of liquid nitrogen. . »■ 

so ?0148] 1.8Q (0.024 mole based on N 2 0 3 basis) of the frozen blue liquid, 1 mmole of adamantane. 0.05 mmo£ of N- 
hydrcxyphthal imide and 5ml of acetic acid were mixed, and then the mixture was reacted for 10 hours at 100 a wrth 
Xing The reaction products were analyzed by gas chromatography, and. as a result, nitroadamantane (yield 81%) 
was formed with conversion of 99%. 

55 Example 10 

[0149] The nitration reaction was effected in the same manner as Example 9 except that 1 .8g (0*24 mole based on 
S of the frozen blue liquid. 1 mole of adamantane. O.OSmmole of N-hydroxyphthalimide and 5ml acetic acid were 
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_ ^ * -ic hnnrc a t ?*>c with stirring As a result, nitroadamantane was formed. 



Example 11 



d beionWI. (6ml) and 1!« ace«c «*> «« «*" "J « a result •» <"»«*»• 01 •"* 
iSE^SSS^^^ ace***™ «, were 



yo formed. 
Example 12 



?5 



M THa reaCc was eflectod -~ SSS.' JSSS SS^SSSTSSSK 



Example 13 



20 



,0,52, «. reaction « efleaed in M same manna, jj, wTJSSK . £S 5K 



Example 14 



25 



l01 S3, «oa tek .,n,n^ao,a^ r ana.ao = a»,N. S 

,o mix and ft. M, «aa > 0^ ^itJSSU and. as a .aanll toe conver- 

30 loxyethylbenzene (yield 30%) were formed. 
Example 15 

« to mix! The flask was puroed by and. as a 

iSTrx^o,^^ ,,3— mena .yiex, 
12%) were formed. 

40 Example 16 

iXTVe^Srr?S. S'KrS 7h-— ~ was 33. and .a ytold o, 
45 troadamantane was 27%. 

Pale yellow solid 

Mass spectral data [M] + : 226 

IR(cm' 1 ) : 1560, 1360, 750 

Example 17 

,0,55, Ir.oa^Mmr^erfadamamane.O.rn^ 

tic acid were added to mix and theflask was equpped ^°**<™2™" 2 ws ehmmatography. and. as 

was reactod to, 20 Inn , « <^^^^J^SSZS^^^<^ '■adamantono, (yiato 
fS^I^S. SPSgZSEtZ*- <*" m ar* 3-*damamanone fiN. HI were tormed. 



50 



55 
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Example 18 



,0157] into a f lasK. 2 ^ of toluene. 0.2 ^^^^ 

acetonitrile were added to mix. The mixture was reacted to™™*^ c ™£ 9 ft fte conversion of toluene 
dioxide N0 2 . The reaction products were analyzed by gas ^^^SSSi^t Ldue^e (yield 9%) were formed, 
was 47% and 2-nitrotoluene (yield 1 8%). nitromethylbenzene (y.eld 9%) and 4 nrtrotoiuene iy 



Example 19 



. ««. comnio 1 r evreot for conducting the reaction after purged 
[0158] The operation was effected ^^^^.-^^^^SSrt nitrogen dioxide NG 2 . 2-nitro- 
by nitrogen monoxide NO and oxygen ^(^^^^^^3%) were formed. The conversion of tolu- 
toluene (yield 20%). nitromethylbenzene (yield 7%) and 4-nitrotoluene (yieio o/o, we 



ene was 52%. 
15 Example 20 



21%) and 4-nitro-1-ethylbenzene (yield 18%) were formed. 

o 

Example 21 

,0,60, The operation was eheoted ih .he same manner • E»mp,e 20 ^ 

zene (yield 13%) were formed. 
Example 22 

~22SZZ^-£Z^^ ^ - - ~ 

tophenone (yield 14%) were formed. 
35 Example 23 

,0,6*, Wo a hash. , o. adanwHane. «— ^CC^^S 

1no 2 ) and 3 m, of ao*«»e ware wi 07%. and rfWh 

adamantanone (yield 2%) were formed. 
Example 24 



Example 25 



50 



55 



[0 164, into a flasK 1 mmo,e of adamantane. a05 ^* N fo ^^ 

(N0 2 ) and 3 ml of trrfluoromethylbenzene were added ^J^^^^^^ZL^ was 79%, and 
reaction products were analyzed by gas chromatography, and as a result, the conversion i ot aoe i 
nTtraadamantane (yield 57%). adamantanol (yield 6%) and adamantanone (yield 4%) were formed. 

Example 26 

[0165] Thereartionwaseffectedinthesameman 
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was 0.1 mmole. The conversion of adamantane was 96%, and nrtroadamantane (yield 66%). adamantanol (yield 4%) 
and adamantanone (yield 5%) were formed. 

Example 27 

5 rmfifii Into a flask 1 mmole of adamantane. 0.05 mmole of N-hydroxyphthalimide, 15 mmole of nitrogen dioxide 
NO,) 1 iSS acSonitn. ^d 2 ml of trKluoromethylbenzene were added and stirred for 5 hours at 60°C ,n an atmos- 
phere ol Sygen The products were analyzed by gas chromatography, and, as a result, the convenor erf ada- 
£££2 and nitroaSamantane (yield 73%). adamantanol (yield 2%). acetyloxyadamantane (y.eld 1%) and 

10 adamantanone (yield 3%) were formed. 

Example 28 

[01 67] The reaction was effected in the same manner as Example 27 except thai 1 the amount ^^o^hthafimWe 
,5 was 0 1 mmole. The conversion of adamantane was 95%, and nitroadamantane (yield 76%). adamantanol (yield 1 X,). 
acetyloxyadamantane (yield 1%) and adamantanone (yield 3%) were formed. 

Example 29 

o. rm 681 The reaction was effected in the same manner as Example 28 except that the amount of acetonitrile was as 
m and ^Vt^rt^rom^enzene -as 2.5 ml. The conversion of adamantane was 89%. and nrtroada- 
man^e (yield 70%), adamantanol (yield 1%), acetyloxyadamantane (yield 1%) and adamantanone (yield 4%) were 



formed. 



25 Example 30 

roi691 ' Into a flask 1 mmole of adamantane. 0.05 mmole of N-hydroxyphthalimide, 15 mmole of nitrogen dioxide 
NO^and 3 mf J Schloroethane were added and stirred for 5 hours at 60»C in an ^^^SS^JSK 
products were analyzed by gas chromatography, and. as a result, the converse of adamantine was 97%. and nitro 
so adamantane (yield 57%). adamantanol (yield 1 2%) and adamantanone (yield 4%) were formed. 



Example 31 



35 



[0170] Intoaflask, 1 mmoleof adamantane. 0.1 mmole of N-hydroxyphthalimide, 15 mmole of 
Lnri X ml of acetic acid were added and stirred for 5 hours at 60°C in an atmosphere of oxygen. The react.on products 
l liX^cSSv. and. as a result, the conversion of adamantane was 96%. and nrtroadamanfane 
"el^^ <Vield 5%) and adamantanone (yield 4%) were formed. 



Example 32 



40 



[0171] into a flask 1 mmole of adamantane. 0.1 mmole of N-hydroxyphthalim.de. 0.0005 ^ * a ""™*?£^ 
manganesefll) Mn(AA) 2 and 5 ml of acetic acid were added to mix and the flask was equipped w.th a gasbag (about 
^TSSn monoride NO. The mixture was reacted for 8 hours at 100°C with stirring. The reaction .products were 
lnL£2*^ and, as a result, the conversion of adamantane was 95% and nrtroadamantane 



45 (yield 75%) was formed. 
Example 33 



50 



[0172] The reaction was effected in the same manner as Example 32 except for using, acetylacetonatc J™gan<*e 
In.) Mn(AA) 3 instead of Mn(AA) 2 . The conversion of adamantane was 72%. and mtroadamantane (y.eld 66%) was 



formed. 
Example 34 



55 



[0173] The reaction was effected in the same manner as Example 32 except ^ ^ing ™iy^c add H 2 Mo0 4 instead 
of Mn(AA) 2 . The conversion of adamantane was 62%. and nitroadamantane (y.eld 57%) was formed. 
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Example 35 



10 



35 



[01741 The reaction was effected in the same manner as Example 32 except for using acetylacetonatoiron(IM) Fe(AA) 3 
instead of Mn(AA) 2 . The conversion of adamantane was 56%, and nitroadamantane (yield 50%) was formed. 



Example 36 



[01751 The reaction was effected in the same manner as Example 32 except for using managanese acetate Mn(Oac) 2 
instead of Mn(AA) 2 . The conversion of adamantane was 77%, and nitroadamantane (yield 72%) was formed. 



Example 37 

[0176] The reaction was effected in the same manner as Example 32 except for using 0.0001 mmole of acetylaceto- 
natocobalt(ll) Co(AA) 2 instead of Mn(AA) 2 . The conversion of adamantane was 82%. and nitroadamantane (y.eld 75/„) 
15 was formed. 

Example 38 

[0177] The reaction was effected in the same manner as Example 32 except for using a ce ^° na ^^ 
20 Ni(AA) 2 instead of Mn(AA) 2 . The conversion of adamantane was 54%, and nitroadamantane (yield 49%) was formed. 

Example 39 

[0178] The reaction was effected in the same manner as Example 32 except for using a 0 ^ 130 ^ 0 "^^ 1 ^^ 0 
ss Cr(AA) 3 instead of Mn(AA) 2 . The conversion of adamantane was 72%, and nitroadamantane (yield 66 /«>) was formed. 

Example 40 

[0179] The reaction was effected in the same manner as Example 32 except for using a ^^^^ 0Ct f^S 
so Cu(AA) 2 instead of Mn(AA) 2 . The conversion of adamantane was 52%. and nitroadamantane (yield 46%) were formed. 

Example 41 



[0180] The reaction was effected in the same manner as Example 32 except for using ^«^ aoca ^^ 
Cu(AA) 3 instead of Mn(AA) 2 . The conversion of adamantane was 48%. and nitroadamantane (yield 42 /o) were formed. 



Example 42 



[0181] Into a flask, 1 mmole of 1-carboxyadamantane, 0.1 mmole of N-hydroxyphthalimide and 6 ml o acetic acid 
40 were added to mix. The mixture was purged by nitrogen monoxide NO (about 1 L) and oxygen 0 2 (about 1 L), and then 
reacted for 20 hours at 110»C with stirring. The reaction products were analyzed by gas chromatography, and, as a 
result, the conversion of 1-carboxyadamantane was 90%, and 1-carboxy-3-nitroadamantane (yield 80%) was formed. 

Pale yellow solid 
45 Mass spectral data [M] + : 225 
IR(cm" 1 ) :2990, 1620, 1560 

Example 43 

50 [0182] The reaction was effected in the same manner as Example 42 except for using 1 -hydroxym^hyladamantane 
instead of 1-carboxyadamantane. The conversion of 1 -hydroxymethyladamantane was 90%, and 1-hydroxymethyl-3- 
nitroadamantane (yield 70%) was formed. 

Pale yellow solid 
55 Mass spectral data [M] + : 21 1 
IR(cm" 1 ) : 3350, 1550. 1370 
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Example 44 



the conversion of adamantane was 76%. and 1 -carbpxyadamantane (yield 70 /o) was formed. 



Example 45 



10 



formed. 



t5 Example 46 

r0185l The reaction was effected in the same manner as Example 44 except for using acetonitrile instead of acetic 
S! ^The^rSn o rSamantane was 73%, and 1 -carboxyadamantane (yield 68%) were formed. 

20 Example 47 

[0186] The reaction was effected in the same manner as Example 44 except for using instead of acet ' C 

acid. The conversion of adamantane was 81%. and 1 -carboxyadamantane (y.eld 75%) were formed. 

25 Example 48 

[01 87] The reaction was effected in the same manner as Example 44 except that the reaction temperature was 80°C. 
^^^ 0? adamantane was 87%, and 1 -carboxyadamantane (yield 81%) was formed. 

30 Example 49 



was formed. 



35 



Example 50 

[0189] The reaction was effected in the same manner as Example 44 except for using toluene instead of adamantane. 
The conversion of toluene was 67%, and phenyl acetate (yield 61%) were formed. 



40 



Example 51 

roiSOl The reaction was effected in the same manner as Example 44 except for using ethylbenzene instead of ada- 
Sne and tSfie p'eLure of the mixed gas was lOkg/cm* The conversion of ethyibenzene was 71%. and 1 -phe- 
45 nylpropionic acid (yield 56%) was formed. 



Example 52 



50 



(yield 69%) were formed. 
Example 53 



55 



r01921 To the solvent mixture of 3ml of acetic acid and 3ml of 1 .2<Jichloroethane, a mixture of 1 0 mmole of tefrahyd- 
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mixture were analyzed by gas chromatography, and, as a result, the conversion of tetranydrodicyclopentadiene was 
68%, and 1 -carboxytetrahydrodicyclopentadiene (yield 38%) was formed. 

Example 54 

[0193] The reaction was effected in the same manner as Example 53 except for using acetylacetonatomanganese(ll) 
Mn(AA) 2 instead of Co(AA) 2 . The conversion of tetrahydrodicyclopentadiene was 66%, and 1-carboxytetrahydrodicy- 
clopentadiene (yield 38%) were formed. 

10 Example 55 

[01 94] The reaction was effected in the same manner as Example 44 except for using acetylacetonatomanganese(l 1 1) 
Mn(AA) 3 instead of Co(AA) 2 . The conversion of adamantane was 66%, and 1 -carboxyadamantane (yield 62%) was 
formed. 



15 



Example 56 



[01 95] The reaction was effected in the same manner as Example 44 except for using molybdic acid H 2 Mo0 4 instead 
of Co(AA) 2 . The conversion of adamantane was 58%, and 1 -carboxyadamantane (yield 52%) was formed. 



20 



Example 57 



[0196] The reaction was effected in the same manner as Example 44 except for using acetylacetonatoiron(lll) Fe(AA) 3 
instead of Co(AA) 2 . The conversion of adamantane was 52%, and 1 -carboxyadamantane (yield 50%) was formed. 



25 



Example 58 



[01 97] The reaction was effected in the same manner as Example 44 except for using manganese acetate Mn(OAc) 2 
instead of Co(AA) 2 . The conversion of adamantane was 71%, and 1 -carboxyadamantane (yield 66%) was formed. 



30 



Example 59 



[0198] The reaction was effected in the same manner as Example 44 except for using 0.005 mmole of acetylaceto- 
natomanganese(ll) Mn(AA) 2 and 0.001 mmole of Co(AA) 2 instead of Co(AA) 2 . The conversion of adamantane was 
35 74%, and 1 -carboxyadamantane (yield 71%) was formed. 

Example 60 

[0199] The reaction was effected in the same manner as Example 44 except for using acetylacetonatonickel(lll) 
40 Ni(AA) 2 instead of Co(AA) 2 . The conversion of adamantane was 51%, and 1 -carboxyadamantane (yield 47%) was 
formed. 

Example 61 

45 [0200] The reaction was effected in the same manner as Example 44 except for using acetylacetonatochromium(lll) 
Cr(AA) 3 instead of Co(AA) 2 . The conversion of adamantane was 62%, and 1 -carboxyadamantane (yield 60%) was 
formed. 



50 



Example 62 

[0201] The reaction was effected in the same manner as Example 44 except for using acetylacetonatocopper(ll) 
Cu(AA) 2 instead of Co(AA) 2 . The conversion of adamantane was 47%, and 1 -carboxyadamantane (yield 41%) was 
formed. 

55 Example 63 

[0202] The reaction was effected in the same manner as Example 44 except for using acetylacetonatocopper(lll) 
Cu(AA) 3 instead of Co(AA) 2 . The conversion of adamantane was 48%, and 1 -carboxyadamantane (yield 43%) was 
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formed. 



Example 64 



5 [0203] The reaction was effected in the same manner as Example 44 except for using 1 -carboxyadamantane instead 
of adamantane. The conversion of 1 -carboxyadamantane was 80%, and 1 ,3-dicartx>xyadamantane (y.eld 70 A) was 
formed. 

White solid 
10 Mass spectral data [M] + : 224 
IR(cm 1 ) :3010, 1630, 1140 

Comparative example 1 

is [0204] The stirring was carried out in the same manner as Example 44 without use of NHPL No carboxyadamantane 
was detected. 

Comparative example 2 

20 [0205] The stirring was carried out in the same manner as Example 44 without use of oxygen. No carboxyadamantane 
was detected. 

Example 65 

25 [0206] To an autoclave, 10 mmole of 1 ,3-dinitroadamantane obtained by the method of Example 16, 5% Pd-C (10 
mole% of Pd relative to a substrate), 1 ml of dilute hydrochloric acid and 1 0ml of methanol were charged. The mixture 
was stirred for 2 hours at 80°C in an atmosphere of hydrogen at 30 atm. As a result, the converse of 1 ,3-dinitroada- 
mantane was 99%, and 1 ,3-diaminoadamantane (yield 95%) was formed. 

30 Pale yellow solid 

Mass spectral data [M] + : 166 
IR(cm" 1 ) :3310, 1520, 870 



Example 66 



35 



[0207] The reaction was effected in the same manner as Example 65 except for using Raney nickel (5 mole% of Ni 
relative to a substrate) instead of 5% Pd-C and that reacting for 4 hours. The conversion of 1 ,3-dinrtroadamantane was 
99%, and 1 -amino-3-nitroadamantane (yield 80%) was formed. 

40 Pale yellow solid 

Mass spectral data [M] + : 166 
IR(cm" 1 ) :3310, 1520,870 

Example 67 

45 

[0208] In an atmosphere of nitrogen, 1 1 mmole of acetyl chloride and 1 2 mmole of triethylamine were dissolved in 2 
ml of tetrahydrofurane (THF). To the resultant solution, 10 mmole of 1-amino-3-nitroadamantane obtained by the 
method off Example 66 and 10 ml of N,N-dimethylformamide (DMF) were added. The mixture was stirred for 3 hours at 
40°C. As a result, the conversion of 1 -amino-3-nitroadamantane was 99%, and 1-acetylamino-3-nitroadamantane 
so (yield 95%) was formed. 

Pale yellow liquid 

Mass spectral data [M] + : 238 

IR(crrf 1 ) : 1680, 1550,680 

55 

Example 68 

[0209] In an atmosphere of nitrogen, 1 0 mmole of 1 -carboxy-3-nitroadamantane obtained by the method of Example 
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42 was dissolved in 10ml of DMF. To the mixture, 15 mmole of acetyl chloride was added dropwise over 30 minutes. 
The mixture was heated to begin to reflux around the conclusion of the addition. After ref luxing for 2 hours, the mixture 
was cooled 20 mmole of triethylamine was added, and then 1 1 mmole of methanol was added dropwise over 30 min- 
utes while retaining the temperature of the mixture at 10°C or less followed by stirring for more 2 hours. As a result, the 
conversion of 1-carboxy-3-nitroadamantane was 99%, and 1-methoxycarbonyl-3-nitroadamantane (yield 95%) was 

formed. 



Pale yellow solid 
Mass spectral data [M] + : 239 
10 IR(cm 1 ) : 1730, 1560, 1120 



Example 69 

[021 0] In an atmosphere of nitrogen, 1 0 mmole of 1 -carboxy-3-nitroadamantane obtained by the method of Example 
15 43 was dissolved in 10ml of DMF. To the mixture, 15 mmole of acetyl chloride was added dropwise over 30 minutes. 
The mixture was heated to begin to reflux around the conclusion of the addition. After refluxing for 2 hours, the mixture 
was cooled, and 25 mmole of dimethylamine was added dropwise over 30 minutes while retaining the temperature of 
the mixture at 10°C or less followed by stirring for more 2 hours. As a result, the conversion of 1-carboxy-3-nitroada- 
mantane was 99%, and 1-(N,N-dimethylcarbamoyl)-3-nitroadamantane (yield 95%) was formed. 

20 

Pale yellow solid 

Mass spectral data [M] + : 252 

IR(cm 1 ) : 1660, 1560, 690 



25 Example 70 

[021 1 ] The operation was effected in the same manner as Example 57 except for using 1 -carboxy-3-nitroadamantane 
obtained by the method of Example 42 instead of 1 ,3-dinitroadmantane. The conversion of 1-carboxy-3-nitroadaman- 
tane was 80%, and l-amino-3-carboxyadamantane (yield 70%) was formed. 

30 

Pale yellow solid 

Mass spectral data [M] + : 195 

IR(cnV 1 ) : 3370, 3000, 1670, 1620 



35 Example 71 

[021 2] The operation was effected in the same manner as Example 67 except for using 1 -amino-3-carboxyadaman- 
tane obtained by the method of Example 70 instead of 1-amino-3-nitroadmantane. The conversion of 1 -amino-3-car- 
boxyadamantane was 99%, and 1-acetylamino-3-cart>oxyadamantane (yield 95%) was formed. 



40 



Pale yellow liquid 

Mass spectral data [M] + : 234 

IR(cm" 1 ) :3360, 1670, 1640 



45 Example 72 

[0213] The operation was effected in the same manner as Example 68 except for using 1 ,3-dicarboxyadamantane 
obtained by the method of Example 64 instead of 1 -carboxy-3-nitroadmantane. The conversion of 1 ,3-dicarboxyada- 
mantane was 90%, and 1-cart>oxy-3-methoxycart>onyladamantane (yield 80%) was formed. 

50 

White solid 

Mass spectral data [M] + : 238 
IR(cm" 1 ) : 3030, 1670, 1630 



55 Example 73 

[0214] In an atmosphere of nitrogen, 15 mmole of lithium aluminum hydride was suspended in 15 ml of THF. To the 
mixture, 10 mmole of 1 ,3-dicarboxyadamantane obtained by the method of example 64 was added slowly while retain- 
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ing the temperature of the mixture at 10 °C or less with use of an ice bath. After warming to the room temperature, the 
mixture was refluxed for 16 hours. As a result, The conversion of 1,3-dicartooxyadamantane was 90%, and 1-carboxy- 
3-hydroxymethyladamantane (yield 80%) was formed. 

5 White solid 

Mass spectral data [M] + : 210 
IR(cm - 1 ) : 3350, 3000, 1650 

Example 74 

10 

[021 5] The operation was effected in the same manner as Example 69 except for using 1 ,3-dicarboxyadamantane 
obtained by the method of Example 64 instead of 1-carboxy-3-nitroadmantane. The conversion of 1 ,3-dicarboxyada- 
mantane was 90%, and 1-carboxy-3-(N,N-dimethylcarbamoyl)adamantane (yield 80%) was formed. 

15 Pale yellow solid 

Mass spectral data [M] + : 251 
IR(crrT 1 ) : 3010, 1670, 1630 

Example 75 

20 

[0216] The operation was effected in the same manner as Example 67 except for using 1 ,3-diaminoadamantane 
obtained by the method of Example 65 instead of 1-amino-3-nitroadmantane. The conversion of 1 ,3-diaminoadaman- 
tane was 90%, and 1-acetylamino-3-aminoadamantane (yield 80%) was formed. 

25 Pale yellow liquid 

Mass spectral data [M] + : 208 
IR(crrf 1 ) : 3350. 1660, 760 

Example 76 

30 

[0217] The operation was effected in the same manner as Example 68 except for using 1 -amino-3-carboxyadaman- 
tane obtained by the method of Example 70 instead of 1-cart>oxy-3-nitroadmantane. The conversion of 1 -amino-3-car- 
boxyadamantane was 99%, and 1 -amino-3-methoxycarbonyladamantane (yield 95%) was formed. 

35 Pale yellow solid 

Mass spectral data [M] + : 209 
IR(cm 1 ) :3330, 1630, 770 

Example 77 

40 

[0218] The operation was effected in the same manner as Example 66 except for using 1 -hydroxymethyl-3-nitroada- 
mantane obtained by the method of Example 43 instead of 1 ,3-dinitroadmantane. The conversion of 1-hydroxymethyl- 
3-nitroadamantane was 99%, and 1-amino-3-hydroxymethyladamantane (yield 95%) was formed. 

45 Pale yellow solid 

Mass spectral data [M] + : 181 
IR(cm " 1 ) :3300, 1160, 760 

Example 78 

50 

[0219] The operation was effected in the same manner as Example 66 except for using 1-(N,N-dimethylcarbamoyl)- 
3-nitroadamantane obtained by the method of Example 69 instead of 1 ,3-dinitroadmantane. The conversion of 1 -(N,N- 
dimethylcarbamoyl)-3-nitroadamantane was 90%, and 1-amino-3-(N,N<Jimethylcarbamoyl) adamantane (yield 80%) 
was formed. 

55 

Pale yellow solid 

Mass spectral data [M] + : 222 

IR(cm* 1 ) :3310, 1670, 1140 



30 



EP 0 897 747 A1 



Example 79 

[0220] The operation was effected in the same manner as Example 68 except for using 1 -acetylamino-3-carboxyad- 
amantane obtained by the method of Example 71 instead of 1-carboxy-3-nitroadmantane. 1-acetylamino-3-methoxy- 
cartoonyladamantane (yield 80%) was formed. The conversion of 1-acetylamino-3-carboxyadamantane was 90%. 

Pale yellow liquid 
Mass spectral data [M] + : 251 
IR(cm' 1 ) :3300, 1660, 1620 

Example 80 

[0221 ] The operation was effected in the same manner as Example 67 except for using 1 -amino-3-hydroxymethylad< 
amantane obtained by the method of Example 77 instead of l-amino-3-nitroadmantane. The conversion of 1-amino-3 
is hydroxymethyladamantane was 90%, and 1 -acetylamino-3-hydroxymethyladamantane (yield 80%) was formed. 

Pale yellow liquid 

Mass spectral data [M] + : 223 

IR(cm" 1 ) :3310, 1650, 1160 



10 



20 



25 



50 



Example 81 



[0222] The opeartion was effected in the same manner as Example 67 except for using 1 -amino-3-(N,N-dimethylcar- 
bamoyl)adamantane obtained by the method of Example 78 instead of 1-amino-3-nitroadmantane. The conversion of 
1-amino-3-(N,N<limethylcarbamoyl)adamantane was 90%, and l-acetylamino-3-(N,N-dimethylcarbamoyl)adaman- 

tane (yield 80%) was formed. 



Pale yellow solid 
Mass spectral data [M] + : 264 
30 IR(cm 1 ) : 3300, 1670, 1650, 740 

Example 82 



[0223] The operation was effected in the same manner as Example 68 except for using 1 -hydroxymethyl-3-carboxy- 
35 adamantane obtained by the method of Example 73 instead of 1-carboxy-3-nitroadmantane. The conversion of 1- 
hydroxymethyl-3-carboxyadamantane was 90%, and 1 -hydroxymethyl-3-methoxycarbonyiadamantane (yield 80%) was 

formed. 

White solid 
40 Mass spectral data [M] + : 224 
IR(cnV 1 ) :3310, 1620, 1430 

Example 83 

45 [0224] In an atmosphere of nitrogen, 22 mmole of acetyl chloride and 24 mmole of triethylamine were dissolved in 2 
ml of tetrahydrofurane (THF). To the resultant solution, 10 ml of solution containing 10 mmole of 1 ,3-diaminoadaman- 
tane obtained by the method of Example 65 in N,N-dimethylformamide (DMF) was added and then stirred for 3 hours 
at 40°C. As a result, the conversion of 1,3-diaminoadamantane was 99%, and 1,3-bis(acetylamino)adamantane (yield 
95%) was formed. 



Pale yellow liquid 

Mass spectral data [M] + : 250 

IR(cnV 1 ) :3330, 1660, 1240 



55 Example 84 



[0225] In an atmosphere of nitrogen, 10 mmole of 1 ,3-dicarboxyadamantane obtained by the method of Example 64 
was dissolved in 10 ml of DMF. To the mixture, 30 mmole of thionyl chloride was added dropwise over 30 minutes and 
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thP mixture was heated to begin to reflux around the conclusion of addition. After refluxing for 2 hours, the mixture was 
SZ^TSf 5 mmole of triethy.amine was added followed by 22 mmole of methanol over 30 mmutes wh,le 
rSng the teXrSure of the mixture Z 10°C or less, and then stirred for more 2 hou^As a result, the convers.cn 
STSXboxyadamantane was 99%. and 1 ,3-bis(methoxycarbonyl)adamantane (yield 95%) was formed. 



White solid 

Mass spectral data [M] + : 252 
IR(cm' 1 ) : 1620, 1240, 1030 



10 Example 85 



15 



[02261 In an atmosphere of nitrogen, 30 mmole of lithium aluminum hydride was suspended .n 1 5 ml of THR Tc the 
K 1 0 mmole of 1 3<iicarboxyadamantane obtained by the method of Example 64 was added slowly wh.le retain- 
™X ^iemperure of the mixture at 1 0<>C or less with use of a ice bath. After heating to the room temperate, the m,x- 
Se • iaTSliSed for 16 hours. As a result, the conversion of 1 ,3-dicarboxyadamantane was 99%. and 1,3- 
bis(hydroxymethyl)adamantane (yield 95%) was formed. 



White solid 

Mass spectral data [M] + : 196 
20 IR(cm" 1 ) :3310, 1490, 720 

Example 86 



25 



[02271 In an atmosphere of nitrogen, 10 mmole of 1 ,3-dicarboxyadamantane obtamed by the method of Example ,64 
was dissolved in 10 ml of DMF. To the mixture, 30 mmole of thionyl chloride was added dropw.se over 30 m.nutes and 
Z mSure was heaSl to begin to reflux around the conclusion of addition. After refluxing for 2 hours, the m.xture was 
croled To tt^mbdure, 50 mmole of dimethylamine was added dropwise over 30 minutes while rating *e tempera- 
ture of the mixture at 10°C or less, and then stirred for more 2 hours. As a result, the convers.on of 1 ,3-d.carboxyada- 
mantane was 99%, and 1 ,3-bis(N.N-dimethylcarbamoyl)adamantane (yield 95%) was formed. 



30 



Pale yellow solid 

Mass spectral data [M] + : 278 

IR(cm" 1 ) : 1670, 1420, 1170 



35 Example 87 



40 



[02281 1 mmole of 1 ,3-bis(methozxycarbonyl)adamantane obtained by the method of Example 84 was d.sso! Ived in 
30 ml of THE To the mixture. O.Smmole of dimethylamine and 0.1 mmole of aluminum ch lord ^"^^p^ 5 
add«l and reacted for 6 hours at 80°C. As a result. The conversion of 1 ,3-bis(methoxycaroonyl)adamantane was 90%, 
and l-methoxycaibonyl-3-(N,N-dimethylcarbamoyl)adamantane (yield 80%) was formed. 



Pale yellow solid 

Mass spectral data [M] + : 265 

IR(cm" 1 ) : 1670, 1630, 1170 



45 



SO 



Example 88 

[02291 in an atmosphere of nitrogen. 1 0 mmole of 1 -cartJOxy-3-hydroxymethyladamantane obtained by the methoc I of 
Example 73 was dissolved in in 10 m. of DMF. To the mixture, 15 mmole of N.N -carbodiimidazo. .n ^he form of powder 
was added in one portion. After stirring for 1 hour at the room temperature. 15 mmole of d.methylam,ne and 15 mmole 
oTdiazabicycloundecene were added. The mixture was heated to 100°C and stirred for 8 hours. As a result, the con- 
veSon of 1-carboxy-3-hydroxymethyladamantane was 99%. and l-hydroxymethyl-S-tN.NKl.methylcarbamoyDada- 

mantane (yield 95%) was formed. 



55 Pale yellow liquid 

Mass spectral data [M] + : 237 
IR(cm' 1 ) :3310, 1660, 1220 
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Example 89 

[02301 1 0 mmole of 1 -amino-3-nitroadamantane obtained by the method of Example 66 was dissolved in toluene 
100ml). To the resultant solution, 12 mmole of phosgene was added at the room temperature and stirred for 6 hours. 
5 As -a result The conversion of 1 -amino-3-nitroadamantane was 99%. and 1 -isocyanato-3-n.troadamantane (y.eld 90%) 
was formed. 

Pale yellow liquid 
Mass spectral data [M] + : 222 
10 IR(cm" 1 ) : 2200, 1560, 1330, 750 

Example 90 

[0231 ] The operation was effected in the same manner as Example 89 except for using 1 -aminoadamantane instead 
of l-amino-3-nitroadmantane. The conversion of 1 -aminoadamantane was 99%, and 1 isocyanatoadamantane (yield 



90%) was formed. 



25 



Pale yellow liquid 
Mass spectral data [M] + : 177 
20 IR(cm" 1 ) : 3300, 2180, 1270 

Example 91 

[0232] The operation was effected in the same manner as Example 80 except for using 1 ,3-di f"! no ? ten «^ e 
obtained by the method of Example 65 instead of 1-amino-3-nitroadmantane. The conversion of 1 ,3-d.am.noadaman- 
tane was 90%. and 1 -isocyanatoadamantane (yield 80%) was formed. 

Pale yellow liquid 
Mass spectral data [M] + : 192 
30 IR(cm- 1 ) : 3310, 2270. 1520, 870. 

Example 92 

[0233] The operation was effected in the same manner as Example 89 except for using 1 -amino-3-(N.N-dimethylcar- 
bamoyl)adamantane obtained by the method of Example 78 instead of 1 -amino-3-nitroadmantane. The convers-on of 
1 am°no 3-(N.NKlimethylcarbamoyl)adamantane was 95%. and i-isocyanato-3-(N.N-dimethylcarbamoy0adamantane 

(yield 85%) was formed. 

Pale yellow liquid 
40 Mass spectral data [M] + : 248 

|R(ciTr 1 ) : 2200, 1640, 1310, 750 

Example 93 

[0234] The operation was effected in the same manner as Example 89 except for using 1 -amino-S-methoxycarbony- 
adamantane obtained by the method of Example 78 instead of 1 -amino-S-nitroadmantane. The 
3-methoxycafconyladamantane was 95%, and 1 -isocyanato-3-methoxycarbonyladamantane (yield 85%) was formed. 



35 



45 



Pale yellow liquid 
so Mass spectral data [M] + : 235 

IR(crrf 1 ) : 2220, 1640, 1330, 770 

Example 94 



55 



[0235] To the mixture of 10 mmole of adamantane. 1 mmole of NHPI, 0.005 mmole of Co(AA) 2 a d I 25 mh Df acetic 
acid, nitrogen monoxide (NO), carbon monoxide (CO) and oxygen ( 02 ) were introduced ,n the ratio of NO:COA i (mola^ 
ratio =10:?5:1 at the pressure of 26kg/cm2 and tnen stirred for 6 hours at 100°C. The reacton products were ana ilyzed 
by gas chromatography and gas-mass spectrum apparatus, and as a result. 1 ,3.5-trinrtroadamantane (y.eld 5 /o) , 1 -car- 
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boxy-3.5-dinitroadamantane (yield 5%). 1 .3-dicatboxy-5-nitroadamantane (yield 1%) and 1 .3,5-tricarboxyadamantane 
(yield 1%) were formed. 



Claims 

1 A catalyst for introducing at least one functional group selected from a nitro group and a caitooxyl group to a sub- 
strate by contacting said substrate with at least one reactant selected from (i) a nitrogen oxide and (ii) a mixture of 
cartjon monoxide and oxygen, which comprises an imide compound shown by the following formula (1): 



10 



15 




(1) 



20 



25 



30 



wherein R 1 and R 2 may be the same or different from each other, and represent a hydrogen atom, a halogen 
atom an alky! group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an 
alkoxycarbonyl group, and an acyl group, and R 1 and R 2 may bond together to form a double bond, or an aromatic 
or non-aromatic ring; Y represents an oxygen atom or a hydroxyl group; and n denotes an integer of 1 to 3. 

2. A catalyst according to claim 1, wherein R 1 and R 2 , in said imide compound shown by the formula (1), bond 
together to form an aromatic or non-aromatic 5 to 12 membered ring. 

3. A catalyst according to claim 1, wherein R 1 and R 2 in said imide compound shown by the formula (1). bond 
together to form a cycloalkane ring which may have a substituent, a cycloalkene ring which may have a substituent, 
a bridged hydrocarbon ring which may have a substituent or an aromatic ring which may have a substituent. 

4. A catalyst according to claim 1 , wherein said imide compound shown by the formula (1) is a compound shown by 
the following formulas (1a), (1b), (1c), (1d), (1e) and (1f): 



35 



40 



II 



N=^Y 



ll 



R 1 



ll 



n 




=-=Y 



J n 



(1a) 



(1b) 



(1c) 



45 



50 



55 





(1e) 



— Y 




Of) 



^Y 



wherein R 3 , R 4 , R 5 and R 6 are the same or different from each other, and represent a hydrogen atom, an 
alkyl group, a hydroxy! group, an alkoxy group, a carboxyl group, an alkoxycarbonyl group, an acyl group, a nitro 
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group, a cyano group, an amino group or a halogen atom; and R 1 , R 2 . Y and n have the same meanings as defined 
above. 

A catalyst according to claim 1 . wherein said imide compound shown by the formula (1) is at least one compound 
iSSZ I ronTS group consisting of N-hydroxysuccinimide. N-hydroxymaleimide. N-hydro^hexahydrophthahm- 
fde NN Xydroxycyclohexanetetracarboximide. N-hydroxyphthalimide. N-hydroxytetrabromoph hahm.dejvl- 
MroxZrachlor^hLimide N-hydroxyhetimide. N-hydroxyhimimide, N-hydroxytrime.litim,de. N.N'-d.hydroxypy- 
romellitimide and N,N'-dihydroxynaphthalenetetracarboximide. 

6. A catalyst according to claim 1 . which comprises said imide compound shown by the formula (1 ) and a co-catalyst. 

7 A catalyst according to claim 6. wherein said co-catalyst is a compound containing at least one element selected 
from £ group consisting of Group 2A elements of the Periodic Table of Elements, transrt.cn metal elements and 
Group 3B elements of the Periodic Table of Elements. 

8 A catalyst according to claim 8. wherein said co-catalyst is a compound containing at least one element selected 
f^om fhfgZ consisting of Group 3A elements. Group 4A elements. Group 5A elements Group 6A elemen s. 
Soup 7A elements, Group 8 elements. Group 1 B elements and Group 2B elements of the Per,od.c Table of Ele- 
ments. 

9 A catalyst according to claim 6, wherein the ratio of said co-catalyst to said imide compound shown by the formula 
(1) is 0.001 to 10 mole of the co-catalyst relative to 1 mole of the imide compound. 

10 A orocess comprises contacting a substrate with at least one reactant selected from (i) a nitrogen oxide and (ii) a 
mSS !S SZ mlnoxide and oxygen at least in the presence of the catalyst according to claim 1 to .ntroduce at 
least one functional group selected from a nitro group and a carboxyl group to the substrate. 

1 1 A process according to claim 10. said substrate is a member selected from (a) a compound having a methyl group 
iSSroi at an adjacent site of an unsaturated bond, (b) a homo- or hetero cyclic compound having a 
methylene group, (c a compound having a methine carbon atom, (d) a compound having a methyl group or a meth- 
ylene group at an adjacent site of an aromatic ring and (e) a compound having a methylene group at an adjacent 
site of a carbonyl group. 

12. A process according to claim 10. said substrate is a compound having a methine carbon atom or a compound hav- 
ing a methyl or methylene group at a benzyl site of the compound. 

13. A process according to claim 10. wherein said nitrogen oxide is shown by the formula: 



N x O y 



wherein x denotes an integer of 1 or 2 and y denotes an integer of 1 to 6. 

14. A process according to claim 10. wherein said nitrogen oxide comprises at least one nitrogen compound selected 
from N 2 0 3 and N0 2 as a main component. 

15. A process according to claim 10. wherein not less than 1 mole of carbon monoxide and not less than 0.5 mole of 
oxygen relative to 1 mole of said substrate are employed. 

16. A process according to claim 10. a ratio of carbon monoxide to oxygen is carbon monoxide/oxygen = about 1/99 to 
> 99.99/0.01 (mole ratio). 

17 A process for producing a compound having at least one functional group selected from a nitro group and la car- 
bo^yl group, which comprises, at least in the presence of the catalyst according to claim 1 . contacting a substrate 
with at lea* one reactant selected from (i) a nitrogen oxide and (ii) a mixture of carbon monox.de and oxygen. 



5 



18. An adamantane derivative shown by the following formula (2): 
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X 1 




X 3 



wherein X 1 represents a nitro group, an amino group or N -substituted amino group which may be protected 
by a protective group, a carboxyl group which may be protected by a protective group, or a hydroxymethyl group 
which may be protected by a protective group; and X 3 and X 4 may be the same or different from each other, and 
represents a hydrogen atom, an aikyl group, a nitro group, an amino group or N-substituted amino group which may 
be protected by a protective group, a carboxyl group which may be protected by a protective group, a hydroxymethyl 
group which may be protected by a protective group or an isocyanato group; 

(i) when X 1 is a nitro group, X 2 represents an amino group or N-amino group which may be protected by a pro- 
tective group, a hydroxymethyl group which may be protected by a protective group, or an isocyanato group; 

(ii) when X 1 is an amino group or N-substituted amino group which may be protected by a protective group, X 2 
represents an isocyanato group; 

(iii) when X 1 is a carboxyl group which may be protected by a protective group, X 2 represents a hydoxymethyl 
group which may be protected by a protective group, or an isocyanato group; and 

(iv) when X 1 is a hydroxymethyl group which may be protected by a protective group, X 2 represents an isocy- 
anato group; 

or a salt thereof. 

19. An adamantane derivative shown by the following formula (3): 



x 5 




wherein X 5 represents a carbamoyl group which may have a substituent, a nitro group, a substituted hydor- 
oxycarbonylamino group, or a saturated aliphatic acylamino group or aromatic acylamino group; X 7 and X 8 are the 
same or different from each other, and represent a hydrogen atom, an alkyl group, a nitro group, an amino or N- 
substituted amino group which may be protected by a protective group, a carboxyl group which may be protected 
by a protective group, a hydroxymethyl group which may be protected by a protective group, or an isocyanato 
group; 

(i) when X 5 is a carbamoyl group which may have a substituent, X 6 represents a carboxyl group, a substituted 
hydroxycarbonyl group, an amino group or N-substituted amino group which may be protected by a protective 
group, or a nitro group; 

(ii) when X 5 is a nitro group, X 6 represents a substituted hydroxycarbonyl group; 

(iii) when X 5 is a substituted hydroxycarbonylamino group, X 6 represents a substituted hydroxycarbonyl group, 
a hydroxymethyl group which may be protected by a protective group, or an amino group which may be pro- 
tected by a protective group; and 

(iv) X 5 is a saturated aliphatic acylamino group or aromatic acylamino group, X 6 represents a carboxyl group, 
a hydroxymethyl group which may be protected by aprotective group, or an amino group which may be substi- 
tuted by an alkyl group; 

or a salt thereof. 
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. A process for producing a diaminoadamantane derivative shown by the following formula (2j): 



x 1j 




wherein X 1 ' and X 2 J represent an amino group or N-substituted amino group which may be protected by a 
protective group; and X 3 and X 4 are the same or different from each other, and represent a hydrogen atom, an alkyl 
group, a nitro group, an amino group or N-substituted amino group which may be protected by a protective group, 
a carboxyl group which may be protected by a protective group, a hydroxymethyl group which may be protected by 
a protective group, or an isocyanato group; 
or a salt thereof, 
which comprises the steps of 

contacting a compound shown by the following formula (2h): 




wherein X 2h represents a hydrogen atom or a nitro group; X 3 and X 4 are have the same meanings as 
defined above; with a nitrogen oxide , in the presence of an imide compound shown by the following formula 

0): 



0 




wherein R 1 and R 2 are the same or different from each other, and represents a hydrogen atom, a halo- 
gen atom, an alkyl group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl 
group, an alkoxycarbonyl group, and an acyl group; R 1 and R 2 may bond together to form a double bond, or an 
aromatic or non-aromatic ring; Y represents an oxygen atom or a hydroxyl group; and n denotes an integer of 
1 to 3, to produce a dinitroadamantane derivative shown by the following formula (2i): 



x 1i 




wherein X 1 ' and X 2 ' each represents a nitro group; and X 3 and X 4 have the same meanings as defined 
above; and 
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reducing said dinrtroadamarrtane derivative shown by the formula (2i) to produce a corresponding diamino 
compound. 
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